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PREFACE TO FIRST EDITION. 

In writing tlie present book tlie nuthoi’s liavc had chiefly 
in view the needs of Pi’actising Engineeiti, Managers of 
Works, and Technical Students desirous of obtaining some 
knowledge of Chemical Teclinology. 

In a book of this scope, lengthy descriptions of plant 
and of processes which differ from each other merely in 
detail would be out of place. Foi’ this reason, oidy such 
processes are described as arc^ typical of the class to 
which they belong. 

The adoption of this plan has given opportunity for 
presenting the subjects dealt with in a manner which 
shows their relations to each other. It is hoped, therefore, 
that the book as a wliole jnay prove useful even to the 
expert in any one of the subjects touched upftn. In order 
to achieve this degree of usefulness the authors have 
specially endeavoured to explain the general principles 
uncferl^ing each process, even when the woi|ving> details 
appear complex and arbitrary. 

Vol. I. includes the chemical pi-inciples of subjects whfeh 
p^>rticular interest to the Meohanical Engineer, 




chemical basis.^ The authors trust that for many readers, 
especially students of manufacturing chemistry, the in- 
formation given will be found adequate to afford a sound 
groundwork of knowledge without proving as difficult to 
grasp as is the mass of facts proper to a monograph. 


London, December, 1897. 
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CHEM I STEY 

KOR 

ENGINEERS AND MANUFACTURERS. 


VOL. I. 

CHEMISTRY OF ENGINEERING, BUILDING, 
AND METALLURGY. 


CHAPTER 1 . 

THE CHEMISTRY OF THE CHIEF MATERIALS OF 
CONSTRUCTION. 

The permanency of a </i\on si ructure and tin* de<(ro(! in wliic, 
it is fitted for its use, do not depend exclusivelv upon tli 
•mechanical strongtii of tlie materials composing it, but ar 
largely influenced by the chemical composition of these material 
^nd by the chemical coiiditiotis to which they are exposed. I 
follows, therefore, that a knowledge of the chemistry of the chie 
materiiils of construction is necessary in deciding of^wliat materia 
a given structure is to be built. 


STONE, BRfCK, AND CONCRETE. 

A fough classification of icMiiral stones used*at all lai|5ely fo 
builc^ing purpdies, may be made by dividing tlumi into thi 
gpfl^s siliceous and calcareous. The following an*' brief descrip 
tipns of the chief building sttoies commonly used * 

1. SILICEOUS ATONES. — S^ndstonG is composed of graiiy- 
^ qujjjifci2 {silica) cemented together to form a cohereni; mass 
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value as a buildin" material depends largely n the substance 
grains of cpiartz together, as oiWthe removals 
ot the agglutinant, disintegration of the stone naturally *fbllows. 
The nature of the agglutinant varies considerably. Siliceous 
matter j^tsolf sometimes constitutes the cement and the stone 
is then a mass of nearly pure silica, and is both refractory to 
weathering and dillicult to work. An argillaceous cementihg 
material (composed essentially of silic-ate of alumina) is more 
easily attacked than a siliceous agglutinant, and the sandstones 
coutt»,ining the former ai*e, therefore, less refractory to weathering 
than those iield together by the latter. A special form of sand- 
stone, laminated by layers of micaceous matter, is that known 
,as Yorkshire flagstone and used for street paving and making 
acid-proof apparatus — e.g., chlorine stills {g.v., Vol. II. ). For 
tin' latter ])urpose the laminar character of the stone and its 
freedom from cementing material other tlnin siliceous matter 
I'onstitute the advantages which it presents. Felspar also occurs 
as a cementing material of sandstone. (When the felspar is more 
or less decomposed into kaolin the sandstone falls into the iirgil- 
laceous category.) Much millstone grit, which is a coarse grained 
sandstone, very tough and resistant, is thus cemented. Other 
ceiiK'nting materials of less importance arc oxid('s of iron, giving 
the sandstone a yellow, brown, or blue colour, according to the 
state of oxidation of the iron. The prescnc(^ of iron pyrites, 
which sometimes occurs in sandstone, tends to bring about the 
disintegration of the stone on wcaithering by the oxidation of 
thf pyrites. Sandstones cemented with iron oxides are less 
permanent in character than those held together by siliceous 
agglutinants. Barium sulphate has also been found to exist as 
a cementing material of certain sandstones. • 

A cementing material comparable in importance with those 
of the sili(!eous class, is the calcareous matter frequently foun(J, 
fullilling this function. 8u(*h sandstones are held together by 
calcium carljonate and are more readily worked thfwi the 
siliceous variety, coming in this respect under the head of 
free-stones — Lc., stones which can be easily sawn and wrought 
into shape without chipping and grinding. 8m* h sandstones 
are, however, somewhat easily attacked by weathering, as will 
be explained at Jthe end of this chapter. Besides the cementing 
matcrijfl of„a sandstone, the size and shape of the constituent 
grai^is arc of importance in influencing the charac1;er of the sione. 
'rims, in saiufstone of ideal quality from the point of vi^w «j)f 
mechanical s^crength and non-porosity, the grains should be ©f 
s«ch assorted sizes as to leave a minimum amount of spac^ 
either finoccunied or filled by the cernentiiur materictK. Th^ 



SlLK’KOrs STONKS. 




Statement Ihat^ie coarser the ^raiii the more (liii‘a.t)ie ttie 
stone (other ^ings ])eing equal), is not based on satislai/v»ry 
f xperimental evidence. With regard to resistaaice to weal licriiig, 
especially to the action of Irost. it ha.s l)eei|^ recently shown that 
a less porous stone is not lu'cessarily more resistant tjian oiH‘ 
more porous, as the hitter allows room lor the expansion of the, 
absorbed water in freezing aaid sulfers less disintegration (/’./.). 
t.lbviously, this possession of spaces capabh* of affording rooin for 
expansion in freezing may compensate for th(‘ tendency of such 
a, stone to absorb and hold a lai-ge (pnintity of water. 
following analyses of sandstone grits ari^ tvpical - 


Moisture, 
Combined H2O, 
SiOa, 

.-Mjtia, 

CO 2 

SO 3 , 

^’^ 203 , 

FeO, 

MnO, 

Fe>S2, 

CaO, 

MgO, 

K 2 O, 

NU 2 O, 


Ciiniltriiiii 

(Uaiiiiuiitli). 


Ciirlioiiilciviiis I 

Mill.stdiii' Oiit, 
(CiiiiiluTlaiiil). I 


O-fia 
O-ICF) 
csodoo 
J» ‘200 
I (rja 

0 OTb 

Tiiice. 

'] I’iKM*. 

2-:{70 

()-2:t2 


1 dtto 
1 '285 

1 w 

1 


0 oao 

1 -m 

87 -too 
.'{•9!)7 
I •87(1 
'J'raee. 
0-()ti0 


0'271) 
OdOO 
I -9.82 
()m;h4 
0-741 • 

()-:{d2 


S|i(‘cific gravity, 




100197 100:107 

‘2-089 2-710 


Granite consists of a mixture of /dspar (usuallv a. double 
sili(',ate*of alumina and potash or soda — <". 7 ., orthotiase, 0 Si( )„ . 
Al.,()., . K,,0 — or of alumina., lime a.nd soda — ej/., oligoe.lase, 
3Si0. . ALO.. , CaO . Na,0) (fuarlz (silica), and mica (a flouble 
silicate of alumina and magnesia, potash or soda — e.f/., 4 MgO . 
A1,0;, . ISiO.,*). An average proportion of these constituimts 
is to to iH) per cent, of felspar and 40 to 30 per«'ent. of yiiartz, 
the remainder b(#ng mica.. A large ))roportion of micjif especially 
in jikfles of an ap])]-ecia,ble size, causes the graiyti^ to po 4 ish 

i The complexity of mica, owing to the replaccmout of*)ne oxide by 
another, is such that itf general formula may be written 

4(K_«:^lgFe)0 . (AlFegOj . 4Si(F. 
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^adly and to fade quickly. The mica is only, as rf. werefa filling ; 
th^^quartzr and felspar are the constituents of gr^'Jte which are 
ol real mechanical importance. Sifenitic granites haVe the 
mica partially or wholly replaced by hornhlende ([FeMgJO. SiO.j) 
which ii^. generally black in colour. It is evident that tliis range 
of composition involves a corresponding range of appearance and 
properties of granites. A granite containing much quartz and 
a stable form of felspar is refractory to destructive agencies, 
but hard and difficult to work. Such a stable form of felspar 
is generally vitreous and transparent, allowing the light to pene- 
trate the rock and to be reflected from the darker constituents. 
A soft earthy felspar is opaque, and causes the granite to appejir 
^ lighter in colour ; hence it happens that conspicuously white- 
granites are usually little resistant to weather. The colour of 
granite may vaay from grey to red. The former colour is due 
to the magnesia mica {hiotite), tlie latter to a red variety of 
potash felspar {orthoclase). Iron stains in the granite indicate 
unsoundness, and granite in which the felspar is earthy in appear- 
ance is also inferior (v,6\). Granite, being an igneous rock — 
that is, one which has solidified after fusion, probably under 
pressure — is impervious and non-porous, and suffers destruction 
exclusively from without. Its permanence depends on the 
size and degree of coherence of its constituent minerals, the 
close-grained kinds, formed of small interlocking crystals, being 
the most refractory to destructive agencies. Syenitic granites 
> are harder and generally more durable than ordinary granites. 

<Gneiss, which is a granite in which the mica occurs stratified, 
is also used to a certain extent as a building material. Whin- 
stone and traf (both known as “ greenstone from their colour) 
are also igneous rocks u.sed for building, and consist (*hiefty of 
felspar and hornblende. 

2. CALCAREOUS STONES. — Marble in the strict sense is 
calcium carbonate, approximately pure, crystallised as calcite. 
There is no ^hard and fast line between limestone and jj^iarble, 
but by general consent the latter term is applied to those forms 
of calcium carbonate which have a well-marked crystalline 
fracture, like that of loaf-sugar. It appears that marble has 
been formed geologically by the heating to a plastic condition 
of forms of calcium cstrbonate, of looser structure, unde^ pressure 
sufficieSit tp prevent the escape of COo, which would otherwise 
hav<e been eliminated below the temperature of fusion. ,j,This 
change has been effected experimentally by Le Cha teller, 'wsho 
found it to hccur at 1,020° C. = 1,868'" F., an hour’s exposure 
sufficing to produce artificial marble. The purest form ^of 
iharbl^ is white and without veins, Carrara marble sb^j^ing 
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, a.n example. JMe colours of marbles other than white are dtio 
to the^ prese."^^ of various impurities. Thus, ordinary w!l.ijc 
marble with dark veins is coloured with metallic oxides — c.r/., 
those of iron ; red marbles are also coloured with iron as ferric- 
oxide, and black marble owes its colour to bituniinous^niatter, 
as^much as 1*18 per cent, of carbon havinti' been found in an 
Irish specimen. Some marbles are distin,mnshed bv markin<^s 
due to enclosed fossils — c.r/., those from Derbyshire. In addition 
to the above varieties, certain silic(‘ous stomps are often com- 
mercially termed marble,’^ although in no sense true mafble. 
Thus, serpentine, whiih is an hydrated ma-u'm'sifim silicate 
cafntainino- iron, is frequently ca,lled marble," but is distin- 
guished physically (apart from its chemical ditference) by its 
structure, which is not ciystalline. Tin' following are analyses of 
serpentine ; — • 


I 


1 r« r cont. 

I’er cent. 

SiOg, 

,*{8 -SO 

4000 

AljOa, . . . . 

C65 

1 37 

CrsOg, 1 

0*42 

0*20 

FeO, i 

9-79 


ZdO, i 

0*30 

Cat), 

3 *40 


MgO. 1 

31-74 

30-02 

NajO 

0-32 

MnO, 1 

Trace. 

0-09 

NiO, 

trace. 

0-71 

CO 2 , 

5-66 

Combined water, . . . ' 

12-80 

12-10 


10000 



Alabaster (hydrated calcium sulphate) is also termed “ marble " 
in the^rade. Marble is only used for ornamental building, except 
when its abundance at the spot where it is to be ^sed makes it 
sufficiently cheap as a strm tural material. The waste of marble 
cutting is powdered and used for making CO.^ for preparing 
aerated waters. 

Limestone is a compact form of calciiyn carbonate, ranging 
from^a Siaterial somewhat less definitely crystaBinc than^marble 
to o^e devoid ^f crystalline structure. The carbonrterous lime- 
st^ltes are very compact; lias limestone is also* compact,* but 
o^nt^lns a good deal of clay (see (Jement, Vol. Kefttish rag 

• 

• * Thi^nalysis is incomx)lele, but shows the chaiacteristic constituents 
tf a sellpenti^ie. • 



CHEMIftTRY OF THE CHIEF MATERIALS Oij C|>)XSTRUCTIO^s\ 

V . V 

«?i tough limestone containing clayey material, alfcd often coloured 
oxide of iron. Some varieties will not weathering, 
rlie structure of many limestones resembles that of sandstone, 
3eing granular ; an example is furnished by OOiitiC iiniestone^ 
3he granules of whicfr are large, definite and rounded. Portland 
itone is an oolitic limestone. Bath stone is very variable in 
quality, some varieties withstanding weather well and others 
Deing easily disintegrated ; it is easily worked, and hardens 
ifter exposure to air. The more nearly limestones approach 
mafble in structure, the more durable they are. Purbeck stone 
is a shelly'^ limestone consisting largely of small fossil shells. 
Besides these, which are approximately pure limestones, others 
care found intermixed witli serpentine and similar siliceous 
minerals. True dolomite is a double carbonate of calcium 
and magnesium^, (,‘oiTesponding with the formula CaCO., . MgCO., ; 
it ranges from this composition to that of ordinary limestone 
(which always contains a small proportion of magnesium car- 
bonate) ; it is a hard and durable stone. The neai’er a magnesian 
or dolomitic limestone approaches the composition of true dolo- 
mite, the more durable it is. 

All the above calcareous stones are from their natuie less 
fitted to withstand the a{-tion of weak acids than are the siliceous^ 
stones previously described. The causes of their destruction 
will be dealt with later. 

Artificial stone is considered in the section on Hemenis, Vol. II., 
i p. 154. 

8. BRICKS* may be regarded as blocks of artificial sandstone 
with more (.’ementing material than that which is present in the 
natural varieties. In the trade many kinds are known by name, 
but they cannot here be considered individually. Kiln-bricks' 
are more uniformly burnt and more generally reliable than 
clamp-bricks, t Avhich are apt to be unevenly burnt, many O'^ 
them (particularly those on the outside of the clamp— “ place 
bricks beii^g often soft from insuliicient burning. (4n the 
other hand, those near the flue-holes of the clamp are usually 
over-burnt. (B'or the construetion of kilns used in brick-burning, 
see section on Clay Industries^ Vol. II. ). Clamp-burnt bricks are 
classified according to the preparation of the clay of which they 
are made into malms, washed and common stock. TJie first- 
named are made from clay which has been ground with chalk, so 
as te make an artificial gault brick (v.i.) ; the second are made 
from c^y freed from gross impurities by washing ; and the liwit 

cf 8ee also section on Chu Indiidrits, Vol. II. 

t The j’cctangular heap of bricks, itself constituting the walls ^%nd lluki 
4 the furnace, is kiiowii as a “ clamp." 
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.are manuTiicturyi Irom the untreated clay. EacJi clamp of Ciulil 
t kind yields br.’j^s differing in quality according to their burning, 
involving a further claasification which is a matter of pilreiv 
trade kiterest. The following among the less ordinary kinds 
require separate mention. 

Red bricks are usually made from a fairly clean clay* nearlv 
fr^e from lime (which would produce a yellow tint), and contain- 
ing a good deal — c.f/., 10 per cent. — of ferric oxide, to which 
their i*olour is due. The following is an example of such a clav^ 
in the air-dried stat(' : 


In.soluble silicates and sand, 


•Vr (s>ii 
.S!) ‘Jb 
2;M2 

Combined silica, .... 


Alumina, ...... 


U'02 

Ferric o.xide, ..... 


8 no 

Lime, ...... 


• 1 ‘G.’i 

Magncoia, ..... 


3-45 

Potash, ...... 


2 m 

Soda, ...... 


Ob') 

Moisture, ...... 


1 08 

Combined water, organic matter, and loss, 

r)-34 

100 00 


Gault bricks are made from gault clay, which c ontains simu^ 
25 per cent, of calcium ca.ri)onate. They are light in colour and 
easily fusible, and thus need spcaaal care in burning. * 

Blue bricks are made from highly ferruginous clay, the iron 
in which is reduccal to the state of magnetic oxide in tlie procj'ss* 
of burning. They are lired at a clink(‘ring temperature, and are 
therefore sintered together and less porous than ordinary bricks, 
•while their mechanical strength is greater (e.i.). A common 
kind of blue brick is onlv superficial ly blue,’’ having received a 

joating of ferric oxide previously to being burnt. Such bricks are 
weaker and more pervious (as soon as the outer surface is de- 
stroy e^l) than genuine blue bric ks, which are sintered throughout 
their mass. The standard size and weight of a ?omnion brick 
are 8| inches X 4] inches X 21 inche:j, and 7 lbs. respectivelc. 
Special shapes and sizes — c.c/.. for curved structures— are also 
made. 

Fire bricks differ from ordinary bricks in that they are made 
of city nearly free from oxidc^ capable ot actiffg as ihiX^es — c.y., 
ferri^ oxide, li Ae, magnesia, and alkalies. There ar^ two classes * 
oibrdinary siliceous fire bricks, viz. :-—(!) Those •composed of a 
^rue^refractory clay (silicate of alumina), to which rtjfractory 
^nd or burnt refectory clay has been added to prevent uncj^m , 
^rinlj^^e in drying and firing ; and (2) those c omposed nearly 
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\;pure silica, with a minimum of foreign oxides oVjable of serving ^ 
as^ cementing material. These types are illustri^ed by Stmir- 
hf iJfje and Dims fire bricks respectively ; analyses of such clays 
are appended ; — 


(V 



Plastic 

File Clay. 

Dinas “ Clay." 

Quart/, 

:iG-3 

9r)*94 

( V)mbined silica, . 

27-0 

1()S 

Alumina, .... 

23*3 

1*40 

Ferril oxide. . . . . i 

I'errous oxide, . . . | 

1-S 

0 49 

Lime, 

0-7 

0*29 

Water and organic* matter, . i 
Alkalies, ... . 

10*3 

()*20 


90-4 

100 00 


Bricks of tlie.se materials are burnt in kilns at a high tempera- 
ture, in order that they may not alter in volume when in place 
in the furnace in which they are to be used. Dinas “ clay is 
found as a loose sand, and reijuires the addition of a small per- 
centage of lime as a cementing material. Canister, which is a 
similar material to Dinas clay, is found as a sandstone, and for 
furnace lining is generally ground and moulded in situ. Highly 
siliceous bricks usually expand when strongly heated, whereas 
'those made from plastic clay contract.* The size and shape of 
lire bricks are even more various than those of ordinary bricks, 
on account of the need for accurate litting of furnace linings. 

The foregoing bricks are ‘‘ acid in character^ — t.c., being com- 
posed largely of free silica (quartz), they are capable of acting 
as an acid material at high temperatures, and of fluxing in 
contact with a basic substance, such as lime. The more nearly 
a lire brick approaches kaolin in composition — i.e., the smaller 
the proportioif of free silica it contains — the less marked are its 
acid properties and the better is its resistance to basic fluxes. 
On increasing the proportion of alumina until an ultimate com- 
position con’esponding with that of bauxite is reached, a nearly 
neutral brick is obtained capable of withstanding fairly the 
action both acid and basic oxides. A typical composition of 
a bauxite brick is Al.jO., 70*7 per cent., Fe^O.. CS'b per cgnt., 
SiO.j '15*7 per cent. ^ 

Chromite (ohrome iron ore) has also been used to furnish a 

L Such bricks require an allowance of onc-cightli of their linear dimension^;; 
for shrinkage in drying and burning. “ 
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fairly neutral /lic'k, liaviniz an average comjiosition of Cr.?i).J 
iiO per cent., I'rO 30 per cent., A1,0. 15 percent., SiO^ 5 per .cent. 
Such a material is often used on account of its approximate 
neutrality, in order to separate acid and basic bricks when 

both are used to line one furnace, the former being .generally 
adopted for arches where mechanical strength is necessary, and 
tlie latter for bottom linings where basic* materials have to be 
fused, or (as in a steel furnace) where a basic* condition is rec]uisite. 

Carbon bricks have been prepaivd from retort carbon, gi’ound, 
mixed with tar, and burnt ; thf\v are not only neutral in cliai- 
acter but have little tendenc*y to alter in volume in ihe furnace, 
and are bad conductors of heat. 

Soapstone (magnesium silicate, (LMgO . 5Si().> . iMld)) has also 
been used as a neutral furnace lining ; it is, howcN’cr, attacked 
by basic^> materials. • 

Basic bricks, which a.rc* largely used in stecO making by the 
basic process, are prepared either from dolomite (double car- 
bonate of calcium and magnesium), or from magnesite (mag- 
nesium carbonate). The former substanc*e, though burning to 
a hard and refractory state, slowly slakes and disintegrates on 
exposure to air; the latter is free from this defect. Both 
substances are more commonly used to line? furnaces vT (iitu 
by ramming the c*rushed material, mixed with tar, so as to form 
a layer on the surface of the bottom. Ac*tual bricks are usually^ 
prepared from magnesia, moulded under heavy ])ressure and 
burnt at a high temp(*ratnrc\ J'hc‘ best form of c*rude magnesia, 
for basic bricks is that pi'c*])ared by calc ining Styiaan rnagnestte, 
and has the composition — MgO 77 i) per cent., Cat) 7*3 per cent., 
AhOy, grid FeoO,. 13’() j)er cent., »SiO, i’2 j)er cent. The im- 
^mrities^resent aid the sinteiing of the brick to a compac t mass. 
Magnesia, when dead-burnt at a. high temperature, is devoid 
•♦f plasticity, and in ordei to be moulded must be mixed with 
half its volume of lightly burnt niagnesia, or a little magnesium 
^icetatii or chloride. Magnesia, bri(*ks do not diix with acid 
bricks below 1,000^ V, ~ 2.912' F., but above that temnperature 
slag readily ; their behaviour with neutral alumina bricks is 
similar. They are used for lijiiiig basic steel furnac es, cement 
kilns, furnaces for reburning strontia in suga.r works (see Suijar, 
Vol. and for lead smelting woi-ks, being ti^ht to that metal 
and to its oxide wliich readily j)enetrates acid bric k,'^ ^though 
all bricks (acid and ])asic*) are commoidv tcu-med I'efrac^ory, 
ym. the term is over-wide unl*\ss tlie c*onditions undg’ which 
the bricks are to be used are specihed. >Suc*Ji bric ks may be 
properly termed infusible — /.c., at industrial tenipcuatuifs. 
irt: is ^op^r to observe tJiat thcn'C is a difference between 
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^n^ttsibility and refractoriness. Both “ acid ")Sre bricks, i.e.^ 
those consisting mainly of silica, and basic '' bi^fks, e.q. those 
cohiposed of lime and magnesia, are infusible at any temperature 
commonly employed, but they may only be called refractory 
when the conditions under which they are used are accuratelv 
defined. Thus acid bricks are unattacked by silica and acid 
silicates, but are corroded by mixtures containing a preponder- 
ance of basic oxides, the reverse being true of basic bricks (c/. 
the remarks on the subject under Ce.mcM, \"ol. II.). 

4.' CONCRETE consists of a mixture of “ cement mortar 
with an aggregate.’’ By cement mortar is meant a mixture of 
sand and cement, as distinct from oiu* of sand and lime con- 
stituting common mortar. The aggregate is simply some form 
of broken stone or pebbles that happens to be readily available 
at the place whe^’c the mortar is made. The advantage of concrete 
over all other building materials is that usually only one (and that 
the least weighty) of its constituents has to be brought from a 
distance — viz., the cement. The concrete is either mad(‘ in 
blocks * near the place of use, and slung into position, or laid in 
situ — that is, placed when freshly mixed and still plastic in its 
ultimate position as part of the structure. An extreme form of 
such adaption is afforded by “ grouting,” in wliich a thin cement 
mortar is forced as a semi-fluid to fill spaces not otherwise acc(‘ss- 
jble. With regard to the sand used in making cement mortar, 
It may be said that it should be sharp, fairly coarse, clean, and 
,^free from clay, loam, or peat. The aggregate must be chemically 
indifferent to the cement, and must have a fairly high compres- 
sive strength. It should preferably be in angular fragments of 
irregular size, and with a moderately rough surface, to favour the 
adherence of the cement. Clean ” burnt ballast,”']* fragments of 
hard limestone, granite clappings, broken brick, and the like are 
serviceable as aggregates. The proportion of sand to aggregate: 
and of cement to both must b(‘ so adjusted that uidilled spaces 
between adjacent fragments of aggregate may be as few and 
small as possible, and the concrete block “ solid ” throughout. 
With aggregate and sand of ordinary quality a mixture of 1 part 
of cement, 2 of sand, and 4 of aggregate by volume makes a good 
concrete, though frequently mixtures much poorer in cement 
are used. In making .concrete, thorough mixtures of th^e ingre- 
dients niust be secured, and the water must be adde^ by sprinKling, 
, so aSpto get the mass uniformly wet. A porous ‘aggregate* may 
require previous wetting to ensure the presence of sufl^pie'At 

* Hugo block-! of coiicroto, which may be regarded aitihcial monoliths, 
^ ard*nuich used iii lieavy harbour work. 

t This "^natci'ial is burnt clay : “ Thames ballast ' is gravel. t 
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^ waier lor yrn of the (•eint‘iit, niul tiu* surface* to whfcl 
the plastic m.i^s is to be applied may also need weitiu}^ feu' tin 
same reason. Regard must be had to the setting time of tin 
cemenf (which varies largely with diffenuit s])ecimens, v.i.), ii 
order that the concrete may be got into place before# se*iting 
has begun ; otherwise, the half-set cement will be elisturbeel aiiel 
its coherence impaired. 

The objection to conea-ete for purpose's where a s[)ace‘ has to 
be spanned is that its tensile strength is eomparatively low. 
During the past few years the practiee* of embedding iron^ainl 
steel in the substance of the e oncrete fe>r the pui*pose%)f strength- 
ening it has grown rapidly in favour. Such “ re-injam’d cm- 
Crete'’ (ferro-conc'rete) may, therefore, be* described as rortland. 
cement concrete with iron or steel (‘in bedded in such a manner 
that both materials, intimately connected wiHi oin* another, 
can jointly exercise a statical effect against (‘xlernal forc(*s. 
In this \vay advantage is ta,ken of the high tensile strength of 
the iron or steel and the high compressive strength of the con- 
crete, The statical co-operation of tin* two materials, otherwise 
so unequal, is based on the following accepted facts : — (o) ^Fhe 
concrete, when w’ell made, prot(‘cts tin* enveloped iron against 
oxidation. (/>) The adhesion of Portland cement to iron is v(‘ry 
considerable, and nearly equal to the sh(*aring stnmgth. of the 
concrete, (c) The coefficient of lirmar expansion through ( ha]ig( 
of temperature of concrete a,nd steel is nearly equal. 10x])eri 
ence has shown that safe protection against rust and a sullicien 
adhesion can only be obtahmd if the projiortion of c(‘ment* ij 
the mixture is not too meagre, and if the concrete is sutlicientlj 
impervious, d'hc*. utility of re-inforcement lias h'd to tin* develop 
^nent of many systems of construction, similar among themselves 
and having proprietary titles. Their principh* is sound, and the;' 
kave proved successful in practice. The most successful method 
are those in Avhich the re-iid’orcement is in divided fojins, thes' 
being iorranged so that tin* stresses encountered#mav be ade 
quately met. The application of this is to be found in the alinos 
general use of rods, light bars, and <*xpi1nded metal. The systen 
is adapted for the erection of fire-proof buildings, light bridge 
of moderate span, and for the manufacture of ])ipes of largv. 
dian^te#. • , ^ 

The cement ^used in making concrete is necessjy'ilv not an 
aeri^ cement such as ( ommon mortar. By an^ aerial cement 
a#dj^tinct from an hydraulic cement is meant one^thaU hardens 
ky exposure to aii’ the hardening being due to desiccation and 
ourbnnation. In the heart of a concrete block both operati(fhs 
%^ouldj^cci\f so slowly a^ to prevent setting in a^reasonalTIe time^ 
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Moreover, eommon aerial mortar is too weak Mechanically to 

b^ar the large dilution with inert sand and aggi^gate, which is 
perfectly suitable for a strong hydrauli(^ cement. In addition, 
much conc rete is used under water, and its cement portion must 
be unaUacked by water after the first hydration, whic'h causes its 
setting. The cements used for concrete are, therefore, ahvgys 
strong hydraulic cements. Portland cement is most largely 
employed, though Roman cement, puzzuolana cement, slag 
cenient,* and hydraulic lime are also thus utilised. (For a 
description of the manufacture and cause of setting of these 
cements, se(l the section on Conerit, \ml. 11.) Besides being used 
fcn‘ making concrete, cement is employed for jmeparing cemeht 
^ mortar — ?.c., oi’diiiary mortar with the lime replaced wholly or 
partly by cement. It is used in the same way as common 
mortar where e'xtra strength oi- resistance to water is required. 
It is also used for facing work, lining tanks and reservoirs, etc., 
on account of its imperviousness. '' Neat '' (unmixed) cement 
is but little used, as when spread as a facing it is liable to (Tack 
from irregular contra-ction. 

Ordinary mortar should be made from good "‘fat'’ lime (see 
Lime) and sharp sand (1:3 l)y voL), free from loa,m and earthy 
matter. Cow hair is often incorporated to aid its coherence. 
3Iuch benefit is claimed to be exerted upon the f|uality of lime 
< mortar by the admixture of about 5 per cent, of plaster of Paris. 
This admixture is said to hasten the setting of tin* mortal* and 
to increase its sti’ength. 

The ('hief necessities, other than the cliaracter of the agiiie-j.ile. 
for the production of good ( oncrete, arc that the cement should 
be used in fair quantity (c.|/., I of cement to fi of aggregate plus 
sand by vol.), and that it should be sound and strong. These 
qualities are ascertained in the following Avay — - 
TESTING HYDRAULIC CEMENT.— The criteria which aib 
generally determined are : — 

1. Finenesi\ — The cement is sifted through standard *^ieves, 
and the percentage of residue remaining on these ascertained. 
A good finely-ground Pcirtland cement should have a residue 
not exceeding 3 per cent, on a sieve having 7(5 mesh(‘s per linear 
inch, made of Avire having a diameter of 0*005 inch. Much 
modern, cement ,is even more finely ground than thir. rlt is 

♦ € 

* jt inongst cemeiils, the Passow cement de-sevAcs Kpecial iu^(Sfion. 
It is inepjiied fiy the regulated cooling of slag, two Jdnds of particles di^'ei^g 
in chemical activity being obtained. Ihese particles are then grountfl 
tof^ether, forming tlu^ cement. It is usual to add l§^per cent, of Portland 
<)ement the mixture, the resulting cement giving teiisile tests >^ich are 
similar to thos<‘ of Uorlland <‘«‘m«‘n1. ^ ^ ^ 



more inijlortant/to ascertain the liiieiiess of eemciit on <m sieVe 
of closer mesli,' and in recent specirtcations a residue of 18 pei 
cent, on a sieve having 180 X 180 meshes per square ineli'is 
comm(Tn. 

2. Weight per Bushel. — Portland cement is sometiimj^s tested 
for the weight of a standard bushel, filled with the cement under 
definite conditions, the usual ligures ranging from 108 to 115 lbs. 
per bushel. The object of this test is to detect underburnt 
cement, which is lighter and packs less closely than cement from 
well-burnt clinker. The test is not a good one, owing to the fact 
that the weight per bushel varies with the fineness of* the cement 
apart from its qualitv in other respects. 1’hus, a cement leaving 
a residue of 10 per cent, on a 70 sieve will weigh about 108 to^ 
110 lbs. per bushel, and one leaving 10 per cent, on a 50 sieve 
will weigh 114 to 116 lbs. per bushel. In ( on?^*(|uenc(‘ of this 
defect the test has been recognised as obsolete, and is now 
abandoned. 

3. Specific Gravity. — Fresh, well-burnt Portland cement has 
a specific gravity of at least 3T5, and the specific gra\’ity may 
be as high as 3*19. When aiTated by exposure to air the specific 
gravity may fall to 3*10, underburnt cements falling below 
this. The test is a better criterion of ({uality than is the deter- 
mination of the weight per bushel. 

4. Setting Time. — Hydraulic cement vari<‘s greatly in setting^, 
time — from five minutes to seyeral hours. The setting is gene- 
rally retarded by aiTation, for this slakes the calcium aluminate^ 
on which the initial setting depends (see Cot/ejit, Vol. II.). The 
setting of cement is ascertained by applying a standard needle 
— a steel point of definite area loaded with a given weight. 
•When the point ceases to make an impression, tlie cement is 
considered set. An apparatus for taking an autographic record 

the setting time of ceiTieiit has been devised. 

5. Tensile Strength. — This is determined by gauging cement, 
either^neat or mixed with a, definite weight of sl^iudard sand * 
(usually three times the weight of the cement) with water to a 
stiff paste, and filling it into moulds of the shape shown at M 
in Fig. 1. The briquettes after the elapse of a definite period- - 
e.(j., 3, 7, 14, or 28 days, dming which they are kept in water — 
are broken in tension by a machine similar to that shown in Fig. 
1, wfiere A is a standard carrying a steelyard, *F, from Vhich is 
susj)^ded a clf)^), B, below which a second clip, C, is attached to 

atandard sand is meant clean sliar|» washed sand t'veip size such 
rtiat the sand will pa^s through specified sie\ es ; in tliis country the sand 
pass a sie\T having 20 X 20 meshes per- scpiare ineh, and be eaii^ht 

one 'vith 30 X .30 meshes per square incli. 
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u 'small horizontal Iiand wheel, R, serving for Kdjustment ; the 
briquette, shaped in the mould, M, is held in the^ clips and load 
afiplied to it by traversing the weight, D, along the steelyard, 
this operation being performed at a uniform speed b}^ means of 
the weij^'bt, W, and the dash-pot, P ; this last consists of a cylinder 
tilled witli oil and fitted with a piston in which is a small hole, 
so that tli(‘ mov(‘nient of the piston as the weiglit falls is con- 



Fig. It — Machine for testing tensile strength of cement. 

A, Standard ; F, steelyard ; B, C, clips ; M, mouhl for briquette ; D, 
travelling weight ; W, falling weight ; F, dash-pot ; R, wheel for 
adjusting the clips ; E, end of steelyard, with brake. 


trolled ll.y the slcfw passage of the oil from one side of tlfb ]:flstoa 
to the oth(?r. The waist of the briquette is l>f known ^size, 
usually 1 X 1 4nch {= 1 square inch section) or X IJ 
square ifich leidion).* The clips that hold the enlarged ^nds 
of^the briijuette are best lined with rubber#blocks to prevent 

* This latter is now obsolete. 
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ii^acture al the point in (ontact with them. Tlie briquette *is^ 
broken by the pull exerted by the lever of the testing- machine 
as the weight is run out. Fracture occurs at or about the waist 
of the briquette, and the result is calculated from the area of the 
waist and from the breaking strain, and stated in lbs. })i»’ sq. in. 
Au automatic brake is sometimes provided at the end of the steel- 
yaTd, E, Avhich stops the weight, 1), on the fracture of the briquette, 
and so avoids the need for constant attention on the part of the 
operator. A cement of good (piality sliouhl have a. tensile 
strength of at least KK) lbs. per sq. in. when t('sted neat at 7 days, 
or 250 lbs. per si], in. when mixed with three tim(‘if its weight 
of*standard sand and tested at 28 days. Fiiu'ly-ground cements 
will give a higher sand test. 

t). Soundness. — A cement complying with the foregoing tests 
is not necessarily sound. An unsound cement soiMctinu's a})peaTs 
sound for weeks after it has been used, and then expands and 
bloAvs,’' causing injury and destruction to the work in which 
it has been used. The soundness of cement is generally deter- 
mined by observing the behaviour of a thin pat on a glass plate 
:ept in water for twenty-eight days ; it sliould neither crack 
lOr buckle. Time can be saved and a more rigid scrutiny (dfected 
ly one or other of the so-called '' hot tests, ” in which the test 
lieces are kept at elevated temperatures, under definite con- 
[itions. Probably the best of these is the Jjc Chatelier test, by 
^’hich the expansion of a, small cylinder of cement heated to 
00'' C. is measured in a simple manner. It is ofhciall)^ us(*d in 
'Tance and in this country. Such tests, like others applicable to 
naterials of construction generally, are best performed by experts 
atlier than attempted by the user of the material, as he seldom 
Possesses the requisite apparatus, knowledge, and experience ; 
hey should never be omitt<*d for buildings of any importance. 


STRITCTI'RAL METALS. 

IRON.— Iron is used as cast iron for columns, pillars, bed- 
plates, frames, and sla-ndards of machinery, and as wrought iron 
and steel for girders, roofs, bridges, rails, boilers, and the moving 
parts of jnac hinery. 'riie production and varieties of ca^t iron 
are dealt with in the section on this material (see eUdlunjy). 
The ww’iety known as grey cast ii-on is that most Irecjuc^tly 
us<«f for the production of ca.stings, but mottlecf is eiyployed 
wjien castings of special strength are required. The former has 
a filiform grey fracture in w^hich the graphite can be seen ; tlrte 
l%tter is mottled in fractm-e, as its name implies. ^ ■' 
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'‘The fusibility of cast iron is closely coiinocted with*tiie condi- 
tion of the carbon which the metal contains (see Iron in section 
o!i Metallurgy). Foundry pigs Nos. 1, 2, and 3 are grey irons, 
decreasing in content of graphite (and consequently in ^reyness 
of fracjiure), and also in fusibility, as the numbers rise. They 
increase in combined carbon, and consequently in hardness, in 
the same order. The medium quality of these three is the b'est 
for castings which are to possess considerable strength without 
undue brittleness. Good cast iron has a tensile strength of 
7 tons per square inch, and a compressive strengtli of 40 tons 
per square*inch. It is comparatively rigid and capable of little 
flexure or extension, and is, therefore, mainly used in compres- 
sion. Where it is advantageous to have a hard wearing surface 
— in tramway crossings, trolley wheels, or rollers — the 
casting is chilled by forming that part of the mould which corre- 
sponds with the portion to be chilled of massive metal, so that 
the cast iron is solidified rapidly and retains much combined 
carbon, thus acquiring extreme hardness. 

Contrariwise, when it is required to confer softness and tough- 
ness on light cast iron articles of complex form, malleable castings 
are produced by imbedding the articles in hinmatite and heating 
them for some days. (For the rationale of this process see the 
section on Metallurgy.) The strength and reliability of cast iron 
depend upon its composition and the care and skill used in its 
casting. Analyses of a good foundry iron and of one containing 
more phosphorus and silicon, and therefore less strong but' 
more fluid in casting, are given below. 



Foundry Iron 
No. 2. 

Cleveland 

No. 

Graphitic carbon, .... 

2-68 

3-70 

Combined ,, .... 

0-45 

0-30 

Silicon, r 

1-72 

2-50 

Manganese, 

0 7)4 

0-72 

Phosphorus, . . . 

0 (38 

1*50 

Sulphur, . 

004 

0-04 

Iron, . . . . . . . 

93-89 

92-00 


‘'The spcci'fic gravity of ordinary grey cast iron is about 

'* o 

^ith regaAl to these figures it may be said that if spV'ial 
strengtlfi be^required the silicon should not exceed 2 per^cenj., 
nor the phosphorus 1 per cent. When intri(!^ate castings of snjall 
strength, but accurate outline, are to be made the amounts of 
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\ both silicon and phosphorus may bo nearly doubled. It Vs 
better to remelt the iron that is to be used for castings than to 
tap it directly from the blast furnace. The remelting is cofi- 
ductedVn a cupola, which is an upright cylindrical furnace pro- 
vided with a blast and filled with mixed coke and pig, tjie iron 
settling as a liquid in what corresponds with the crucible of a 
blatfet furnace, and being tapped when the casting is to be made. 
During the remelting some of the silicon in the iron is oxidised 
and combines with the small quantity of lime added as a Hux. 
At the same time a little sulphur is acquired by the iron frftm 
the fuel. Thus it happens that a soft iron is hardened by re- 
melting, althougli this may be carried far enough to deteriorate 
the iron. The reason for the hardening whi(*li arises from the 
elimination of silicon, is explained in the article on Iron (see 
Metallurgy). The quality of cast iron is sometimes improved 
by the addition of aluminium to the iron in the ladle, the (piantity 
used being about 0*2 per cent, of the weight of the iron. As 
regards the mechanical quality of castings, they should b(‘ free 
from scabs and blow holes, and in important work a ])ortion of 
the metal should be cast separately, as a bar, and testc'd. Cast- 
ings are often porous, and give evidence thereof in the (‘ase of 
hydraulic* cylinders, wliicdi frequently weep when first taken 
into use. Slight leakage of this sort is automaticially cured by 
the rusting of the pores. A good casting will ring sound when 
struck and have sharp ('lean edges and a uniform fine-grained 
!;»Tey fracture. 

Wrought Iron (puddled iron) has been largely replaced W 
“ mild steel, that is ingot iron (c/.e.), for heavy structural pur- 
poses—c.f/., for bridges, rails, and girders — but it is still used 
\Wiere a tough weldable material, easily wrought by the smith, 
is required. Its content of the impurities characteristic of iron 
— iviz., C, Si, S, P, Mn — is not now necessaiily smaller than that 
of ingot iron, but it is sharply distinguished therefrom by the 
presence^ in it of slag from the puddling process (se^ Metallurgy} 
occurring as layers between the laminae representing the original 
bars of iron welded together in the process of manufacture. 
On account of the presence of this slag wrought iron has a strati- 
fied structure easily seen at the fracture of a test piece. The 
best is^r^v and fibrous, though frequently patches of crystalline 
material exist throughout the section. Various grades of wrought 
iron a#e commefcially known. Thus “puddled bar’’ — whicii 
is nst ^t for structural use because of the large aifiount of slag 
wl^ich it contains (rendering it locally weak) and i^ imperfect 
Bb^p — is the first product of the hammering and rolling of th» 
peddled blooms (see Puddling). “ Merchant bar is that which 
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Jliis been cut into lengths, piled and rolled into a new bar. The 
slag is thus expressed and the iron rendered more fibrous. Re- 
petitions of this process yield ‘‘ best bar,'' “ best best," and 
“ best best best bar." ‘‘ Scrap bars " are made fronr* short 
pieces welded and rolled together. If the scrap used is clean 
and of good quality, “ best scrap " and best best scrap " bars 
are produced. The valuation of wrought iron is effected by 
analysis and mechanical ' testing. The following analyses show 
the ultimate composition of commen^ial wrought iron : — 


Carbon, 

Silicon, 

Sulpliur, 
Phosphorus, 
Manganese, . 

Iron (by difference), 


' South Statfordtihirc i 
I Wrougia Inu). 


\STc)Ught-Iron 

Pipe. 


OOb 
0 04 
0 05 
0*20 
O-OH 
99-57 


()-()27 
0-200 
0 038 
0 009 
0 093 
99-033 


In addition to these impurities there is generally present 
a consideraf)le quantity of slag ; this consists chiefly of oxide 
of iron. As mindi as 1 per cent, of slag may be present in ordinary 
wrought iron. 

The influence of impurities upon wrought iron is similar to 
but smaller than that which they exert upon ingot iron, the,- 
reason for this difference being that in wrought iron the im- ‘ 
purities are not dissolved uniformly in the unoxidised state 
throughout the metal, but are partly present as distinct segrega- 
tions in an oxidised or slagged condition. The presence of this 
slag causes local weakness mechanically, but the iron itself is 
little affected. Thus, the amount of phosphorus shown in tjie 
first analysis given above would be most injurious in ingot iron, 
but is of little moment in wrought iron. Nevertheless, wrought 
irons containing much phosphorus — e.g,, 0*5 per cent. — have a 
higher strength than normal samples, but are laching in ductility 
and toughness. Much sulphur — e.g., 0’3 per cent. — has also a 
harmful effect, rendering the iron red-short. Silicon is present 
in only small proportion in wrought iron. Manganese is not 
intentfonally added to wrought iron as it is to ingot iron, and is 
nof^^often present in considerable amount. In tne cases in which 
it occurs it tends to counteract the evil effect of sulphur. With 
regard to the mechanical testing of wrought iron, it inay 
tu,ken that it has a tensile strength of froj?h 22 to 25 tons ^er 
square inch, and an extension of about 26 per cent, on a len^h 
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of 10 inches ; it has a compressive streni;th of 1() to -0 tons per 

square inch. These qualities are ascertained by means of a 
machine similar in principle to that described under cement 
testing. The test bar is gripped by its enlarged ends between 
wedge clips, and a pull from an hydraulic cylinder is ap}ilied, the 
pyll being balanced by shifting a jockey weight along the steel- 
vard of the testing machine. The position of the weight on the 
steelvard measures the pull re(jinsite to effect the fracture of 
the specimen. In brea.king a specimen of ductile ma-tei’ial such 
as wrought iron, it is found that befor(‘ fracture the t(‘st piece 
behaves as a visions substaiK-e a,nd flows, being dravvn down 
uniformly until a contraction takes ])lace at whatever point 
happens to be wea.kest, and frai-turc o(‘curs. The elongation 
(extension) of the specimen which is thus caused is a mea.sure of 
the ductility of the material. In judging this«(juality, regard 
must be had to the length of the specimen used, as it is found 
that of two test pieces of the same material differing in length, 
the shorter will give the higher percentage of elongation. Simi- 
larly, the thicker the test piece, ccFteriii paribus, the greater the 
percentage of elongation. The appearance of the test piece, 
before and after fracture, is shown in Fig. 2. The advantage 


Jf, /O 9 8 7 6 5 4 3 2 / i 


Fig. 2. — Appearance of test }>iece, bi forr and after fracture. (Wrought iron.) 


of a iJucitile material such as wrought iron is Ijiat it wijl with- 
stand shock, even deformation, without suddi^i fracture. 
Thqg# impurities which render the iron cold-shor]; will deewease 
itsf dwctility. A test frequently employed for ^ detwinining 
toughness and duc^lity is the bending test, in which the test 
piece is bent over a oar of given radius, or even hammered do^n 
Sat upon itself. The aiy^le through which it cap be bent* before 
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fracture occurs at the beucl is a measure of the ductility of the 
material. Ductile materials, when subjected to a gradually 
increasing load, as in a testing machine, caiTy the load up to a 
certain point with trifling increase of their length, and on the 
removal of the load return to their original dimensions. On 
further increasing the load, the material “ breaks down ” — i.e., 
begins to stretch in more marked degree, and does not “ cofiae 
back ” on removing the load. This point is known as the “ elastic 
limit,"' or more properly “ yield point,’" and is often much below 
the ultimate tensile strength. Thus the yield point of wrought 
iron having a tensile strength of 25 tons per square inch is about 
13 tons. In considering the strength of materials for structural 
purposes, the yield point should be taken as a measure of their 
tenacity, and not the ultimate tensile strength. Ordinar>' 
practi(‘e is, however, the reverse of this. Thus the “ factor of 
safety "" of a structure is the ratio of the maximum working load to 
the ultimate breaking strain, whereas it would be more rational 
to state it in terms of the yield point of the material. For instance, 
a wrought-iron girder with an ultimate tensile strength of 25 tons 
is said to have a factor of safety of 5 when loaded with 5 tons 
in tension, whereas the real factor of safety is about 2*5 with 
this load. 

Wrought iron (in common with other structural materials) 
has been found susceptible of change by the application of 
repeated alternating stresses well below its yield point. Such 
stresses occur in railway axles, piston-rods, and other moving',, 
pdirts of machinery, and may lead ultimately to the destruction 
of such parts. The change induced in this manner appears to 
be associated with a tendency of the originally fibrous material 
to become (u-ystalline. The matter is, however, still the subjec*! 
of investigation. 

Ingot Iron and Mild Steel, — Since the device of the Bessemtu: 
and similar processes (see section on Melallnnjy), iron containing 
from 0*08 to*^’!) per cent, of carbon has been prepared in ingot 
form and used for making girders, bridges, boiler plates, ships, 
rails, and steel -castings.*^ The milder grades, containing from 
0*08 to 0*3 per cent, of carbon, are best termed ingot iron, as 
they lack the characteristic property of steel — viz., the capability 
of being hardened and tempered. The fact that manganese is 
used in the- manufacture of these products involves the presence 
of this metal in the finished material and influences its hastiness, 
manganese ^icting as a hardening agent in the same way'*as 
carbon, though in a smaller degree. The character of ingot irctn 
aSH mild steel is best judged from its analyses ; typical analyi?es 
are appended 
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• 

Verv Mild ‘ 

SU... 1 ’ 

1 Plates. 

! 

liessfinei- 
U:iil Sto-l, 

Onn Steel. 

To.d 

Stcel.^ 

1 i 

(Jar bo 11 , 

. i ()-()7S 

oil) 

04.7.9 

0*r)9 

i 

* 1*00 i 

•Silicon, 

. i 0*007 

0*02 

0*008 

0*09 

Nil. 

Sulphur, . 

. 1 0*080 

; 0*01 

0*048 

TraO('. j 

0*02 

Phosphoru'j, 

0*047 

0*00 

0*0.70 

0*01 1 

0*09 

Manganese, 

. ! 0*1)98 

1 


0*882 

1 

0-.93 

• 

•It must be 

understood 

that these 

figures 

vary considerably 


with different s.iinples, notal)Jy in the |)j‘oporti()n of nnin^anese, 
various (|uantiti(‘s of wliieh remain over after it has fiillilled its 
function in the process of manufacture, ft ma.y l)(‘ taken as a. 
Tou^h guide that the sulpliur and j)hosphorus in all ingot irons 
-and steels should not ex(*eed t)*05 per cent. Tln^ permissible 
Jiniit varies, however, with, the percentage of carbon ; thus, 
although even this amount (0'()5 per (*ent.'t is most injurious to 
tool steel (with I per cent, cai'bon), a. somewhat larger (]uantity 
(up to 0‘()8 2 )er cent.) may be tolerabal in ingot iron containing 
under 0*2 per cent, of carbon. Modern ingot iron, containing 
not more than (r05 per (tent, of sulphur or 2 )hosphorus and about 
<)'5 per cent, of manganese, Avill have a tensile strength of about 
25 tons per scpiare inch with O'l ])er cent, of carbon, 30 tons with 
/<)*2 per cent., 35 tons with 0*3 per cent., and 10 tons with 0*4 
per cent, ddie ('orresponding elongations on a length of 8 inches" 
are 28, 24, 20, and 15 per cent, of the length of the specimen 
before fracture. 

- The fracture of a test piece of ingot iron or steel is distinguished 
from that of wu’ought iron by being perfc(?tly homogeneous and 
^Iky in appearance, and free from any sign of lamination. Mild 
steel with a content of carbon of O'l jier cent, has a specific 
gravity of about 7'89, while hard razor steel witi^ T5 j)er cent, 
e.'i-rbon has a specific gravity of 7'78. Steel castings, other than 
those of crucible cast steel, contain frgm 0*5 to 0*7 per cent, of 
carbon, and with regard to the remaining impurities are similar 
to ingot iron, save that 0*2 to 0*3 per cent, of silicon is sometimes 
added rta aid in the production of a sound casting, and a portion 
of tfiis^ ^•ernains in the finished metal. UnK‘ss subsequently 
for^eiJ, they afe not so fttrong as would be rolled •steel of the 
sa<ne composition. • • 

. of late years several spe( ial qualities of steel co»tainfng small 

^ ** Inserted for the sake of eompanson ; .siicli steel is not used foi‘ stnic- 
tural purposes, and is madq^by the cementation procesg * 
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quantities of the less common metals have been brought into use. 
Thus chromiuyn si eel is made and used for railway tyres and 
for projectiles. A specimen containing 2‘54 per cent. Cr and 
0*39 per cent. C had a tensile strength of 41 tons per square inch 
and elastic limit of 21*5 tons, an elongation on 2 inches of 24*5 per 
cent., and a reduction of area of 33*8 per cent. Lately, chromium 
steel has been partly replaced by steel containing tungsten, vaiia- 
dium, or molyhdenmn, but the behaviour of these steels in practice 
is not yet fully ascertained. Tungsten (and, to a smaller extent, 
molybdenum) is largely used for tool steels. The presence of 
0*1 to 0*2 per cent, of vanadium is said to raise the clastic limit 
and tensile strength of mild steel by 50 per cent, or more. .It 
also retards segregation and increases resistance to shock (c/. 
table, p. 35). Ingot iron to which aluminium has been added 
is not greatly different in tensile strength from ordinary wrought 
iron, but is said to be sounder. Thus a sample containing 0*38 
per cent. A1 and 0*15 per cent. C had a tensile strength of 2b tons 
per square inch, an elastic limit of 20 tons, an extension on 
2 inches of 40*35 per cent., and a reduction of area of 60*74 per 
cent. Generally speaking, A1 is added to ingot iron to reduce 
oxides and make the cast sound ; it does not otherwise affe( t 
the strength of the metal. NicM steels arc considered under 
the heading Nielel (p. 27 ; also c/. table, p. 35). 

An important modibed steel is so-called manganese, steel, more 
properly a manganese iron alloy, the general (]ua lilies of which 
are described in the section on Metallurgy. When containing*, 
10 to 12 per cent, of manganese it has a tensile strength of about 
63 tons, an elastic limit of 30 tons, and an extension of 38 to 
45 per cent. For special steels, see also under Steel. 

COPPER AND ITS ALLOYS.— Iron, on account of its strength 
and cheapness, is used wherever possible in building construction, 
but for certain purposes a different material is a necessity, an^l 
such needs are filled by copper and its alloys. In the boilers 
of locomotivfluS the fire-box stays and plates are generally made 
of copper, and the boiler tubes of brass or copper. In some 
cases, however, mild steel is used throughout for plates and 
tubes. Another large use for copper and its alloys is found in 
steam pipes and ships' sheathing and fittings. Copper used as 
such fq,r structural purposes is always of the grade kno^wn com- 
mercially as “ tough pitch " (see Metallurgy). The chief impurities 
of commercial copper of this description are As, bb, Pb, Bi, 
Fe, Ni, and 0.' ^ 

The following analyses are typical of modern locomotive 
cdbper, I. being that of an ordinary fire-bo:^^ plate of soft tough 
copper; whilst II.. representing a tube plate, and III., of a tube. 
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are specimens of harder coppers recentl\' tried in engineering 
practice : — 


.... 

i 

i 

• i 

I. 

PfrCfiit. 

11. 

Pel- ( 'out. 

III. 

• 

PiM- Cent. 

y • • • « « • 

IMC.'K) 

oo*:u 

00*4.> 

Ah, . . . . . . i 

0*10 

0*42 

0*31 

Sb, . . . . . . 

0*01 

Trace. 

Tracf‘. 

Pb, ...... 

o*ir» 

0*0S 

0-05 

Bi, . . . . . . j 

j 'IVaee. 

1’iacc. j 

I'race. 

P<*, . . . . . . 

1 T'racf. 

Trac(^ , 

Trace. 

Ni, ...... 

0*04 

0*0.") ' 

i 0-02 

Ag, ...... 

Trac('. 



S, . 

'I’raro. 





0*1 r> 

•o*i:{ 

0T3 


00 -lU) 

1 100*02 

lOO'tM) 


A copper such as the first will have a tensile strength of about 
11 tons, with an extension of 40 per cent, on a length of 0 inches. 
The harder and more arsenical copper has a slightly higher 
tensile strength and rather smaller extension. Special alloys of 
Cu and Ni have been lately used for locomotive tubes. 

The influence of impurities upon the tensile strength and 
ductility of copper depends upon the simultaneous presence oi 
oxygen, which diminishes the deleterious influence of certain of 
the impurities in a marked manner. Thus, in the case of pure 
electrolytic coppei* free from oxygen, bismuth when added to 
the extent of O'l per cent, greatly lowers the tensile strength 
and ductility, from the. formation of a fusible alloy which segre- 
•gates from the bulk of the copper and destroys the homogeneity 
of its structure. Arsenic and antimony, which liave but little 
effect* upon pure electrolytic copper in <|uantiti«s up to 1 per 
cent., have usually been considered injurious in copper 
containing oxygen, but, as shown* by the examples above, 
at present many engineers consider the addition of arsenic (up 
to 0*5 per cent.) advantageous for such copper. Lead, sulphur, 
iro% and tin have a similar effect. Nickel ap^jears, on Jhe other 
hand, to hav(^a hardening influence, but without causing undue 
b^^t-fleness. When the copper, as in fire-boxes, is exposed to 
Ae^hanical wear, the presence of a hardening agent is ^ot objec- 
tionable, provided the copper remains fairly ductile. Thus it 
4iappens that old focomotive fire-boxes with much larger amc^nta 
of impurities than thoje quoted above have often rendAed good 
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* service ; one which had lasted twenty years and riin 500,000 
miles contained- — 


(hi. 

. . . 08-70 V, 

Ag, . . 

. 0-03 

H All, 

. Trace. 

Pb, 

0-41 

As, .... 

0-37 

Mb 

0-03 

Bi, . 

0-04 

Fc‘ 

. o-oi 

• Ni, . 

0-30 

0, .... 

0-02 (?) 

S, . 

0-01* 

Further remarks upon the infl 

uence of impurities upon copper 

in other respects will be found 

in the chapter on metals. The 

specific gravity^ of tough pitch 

copper, rolled or hammered, is 

about 8*9, varying a little with the impurities which it contains. 


Another important use for copper is the manufacture of steam 
pipes. Small sizes may be made from solid-drawn tubes, f and 
are reliable up to the point calculated from the tensile strength 
of the metal. Larger tubes, however, are generally made by 
brazing together the edges of a cylinder rolled up from a piece 
of sheet metal. Many accidents have occurred from the bursting 
of sucli pipes. Wdiere the failure cannot be traced to an imper- 
, feet join, it appears to be due to an alteration of the metal, 
probably by absorption of oxygen and sulphur, caused by its 
, exposure to the fire during brazing. The difficulty is sometimes 
met by grouping several smaller solid-draAvn tubes, the united 
cross-section of which is equal to that of the single large tube 
which they replace. 

Alloys of copper and zinc, known generally as brass, are much 
used as structural materials. They range in composition from 
90 per cent, of copper and 10 per cent, of zinc {red metal) t/> 
60 per cent, of copper and 40 per cent, of zinc {yellow metal, 
Muntz metal). ^ The best quality of brass Avhere strength and 
ductility are required, as for locomotive tubes, contains 70 per- 
cent. copper, 29’5 zinc, O*^ lead, the balance (0*2 per cent.) 

* This and olher published analyses of copper must be received with 
reserve ; the analysis of commercial copper is a matter of some difficulty, 
and need," special knowledge and experience. ' ' 

f Seamless tubes have been made electrolytically by Elmore process, 
which consists in depositing copper upon a revolving mandrel whiK^ sub- 
jecting it to tlie pressure of an agate style, this being found to have a c« a- 
solidating*' action. Much tubes are now also made by the Cowper-Coles 
process, m which the copper is deposited on a mandiy^l revolving at a very 
♦ higtf speed (1,000 to 2,000 revolutions per minute), which does awaj wifh 
the necessity of using additional pressure. , ^ 
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being made up of traces of iron and otlior impurities. I\lore 
than 70 per cent, of copper yields a somewliat soft allo\'. while 
more than 30 per (*ent. of zinc gives one whicli is less ductife. 
A somevliat commoner brass is composed of (>b ])er eent. of 
copper and 33 per cent, of zinc. Brasses containing moit‘ than 
62 jDer cent, of copper arc workable cold, but cannot be lolled 
hot. 

The ordinary method o1 ascertaining the (juality cjf brass 
locomotive tubes consists in ascertaining their comj)osition l^v 
analysis, and submitting them to the ima hanical tests of flanging 
the end and of hammering them flat, and ))ending doiibh* the 
sheets thus produced ; this should be effected without the lorma- 
tion of cracks. Tlie tensile strength ol brass castings is 1 J tons 
per square inch, and of rolled sheet lb tons ])er s<piarc inch. 
The specific gravity of brass containing bb per*c(‘nt. t'li and 
33 per cent. Zn is 8’3. Brass of good (piality is made* Irom the 
purest copper and zinc that can be obtained, and contains no 
metal (save in traces) other than copjxa*, zinc, and lead, the last 

• named being prestmt to the (*xt(‘nt of less dian O'b p(*r cent. 
More than traces — c.f/., O'Oo per cent.— of arsemic ar(? considen*!! 

* objectionable. 

A special variety' of brass used for sheathing ships is Muntz 
or yellow metal, containing bO ])er cent, of co])t)er ajul It) }>er 
cent, of zinc : its s}>ecific gravity is 8'2 to 8*3. Since tin* co])per 
in yellow metal falls below the limit given above for brass (b2 per 
/ent.), this alloy can be rolled hot. Its advantage for sh(*athing 
depends upon the fact that it is less (orrodible than co])j)er. 

Gun -metal is the name applied to alloys of copper and tin 
ranging from 91 per cent. Cu and 9 per cent. tSn to 84 per (ont. 
€u and 16 per* eent. Sn. A grade frecjuently used contains 
87*5 per cent. Cu and 12*5 per cent. 8n. Small quantities (up 
to*2 per cent.) of lead and zinc are often added. Gun-metal is 
stronger than cast brass, having a tensile strength of 15 to 20 tons 
per square inch, and a. com])ressive strength of abbut 50 tons 

• per square inch, dlie 9 : 1 alloy lias a specific gravity of 8*5. 
It is used for strong castings (being stroliger tlian cast iron) for 
the more delicate parts of machinery, for cocks and tlie like 
where it is exposed to corrosion, and for bearings. In casting 
gun -mqj;al« there is a great tendency to segregt^ion, esptcially 
when the castiniy; is massive, and cools slowly. NeJW’ly white 
■cTystglifthat have thus separated may be seen in tl^e fracturc*of 
slow^^ocded gun-metal. Phosphor-bronze is a guiiimetid con- 
taining lead and pho^horus, tiie following being a typical com- 
position : — Cu, 79*7 per cent. ; Sn, 10*0 per cent. ; Bb, 9*5 pe? 
<^^t. ; P, 0*8 per cent. Jt is used for bearings,, pump linings, 
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and other weariii^^ parts. Many special bronzes are used for 
bearings. Such bearings are all called “ brasses '' in engineering 
parlance, whatever their composition ; brass itself is, however, 
not suitable for bearings. A typical locomotive “ brass ” bear- 
ing, adopted after much experiment on a large American railway, 
contains — Cu, 76‘8 per cent. ; Sn, 8‘0 per cent. ; Pb, 15*0^ per 
cent. : P, 0*2 per (*ent. The presence of the large quantity of 
lead is found to diminish the wear of the metal and the local 
heating of the journals. 

Delta and Bull Metal. — Of late years brasses and bronzes- 
have been made which are capable of being forged and rolled, 
and serve to replace ingot iron and mild steel for certain pur- 
poses where a strong metal not easily corroded is required. One 
use to which they have been put is the manufacture of ships" 
propellers. Pelta metal is a ferruginous brass containing about 
55 per cent. Cu, 43 per cent. Zn, 1 per cent. Fe, and traces of 
lead and phosphorus. Bull metal is an alloy of the same type. 
Both metals may be foiged and rolled, and even extended in a 
plastic condition through a die to form rods or bars. When 
intended for such treatment, the ingot or bar to be worked is 
cast in a (‘hill, so as to prevent segregation. Metals of this class ^ 
have a tensile strength of about 18 tons per sciuare inch when 
cast, and one of about 30 tons when rolled, with an elongation 
of 15 to 20 per cent, on 10 inches. 

Aluminium bronze is an alloy of copper and aluminiuni con- 
taining up to 10 per cent, of the latter metal. It can be casV 
‘forged, and rolled, and may replace mild steel for purposes 
where corrosion is to be resisted and its cost is not prohibitory. 
It has a high tensile strength. Thus, a 10 per cent, alloy (cast) 
has an ultimate tensile vstreiigth of about iO tons per square 
inch, and the same metal when rolled an equally high tensile 
strength and an elongation of 30 per cent. Five per C(!nt. 
aluminium bronze is well suited for the ignition tubes of gas 
engines. Aluminium brass castings containing 63 per*»:;ent. Cu, 
33’3 per cent. Zn, 3*3 per cent. Al, 0*33 per cent. Si, were found’ 
to have a teiisile strength of 31* 1 tons, and an elongation of 
0’4 per cent. A similar alloy rolled had a tensile strength of 
37*8 tons, and an elongation of 9*7 per cent. Two per cent, 
alumjnium hr^as can be used as ships" sheathing, dn, making 
aluminiupi bronze, repeated fusion and casting are necessary to 
obtain a homogeneous alloy. In spite of their merits, r these 
aluminium^ a Hoys have not found any considerable application. 

White Bearing Metals. — Besides the bronzes mentioned above 
^a .3 being used for bearing metals, many “white metals are 
madfe, consisting of alloys of lead, tin, pntimony, zinc, and copper.. 
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Such mixtures are readily fusible, and are east iu the space 
round the journal to be supported. They are also used for 
lining “^brasses ” that luive become worn, ddius^ a form (Tf 
Babbitt’s metal has the composition — Pb, 10 per cent. ; 8n, 
45*5 per cent. ; Sb, 13 per cent. ; Cu, 1*5 per cent. Tha# used 
on tjie London and North-Western Railway has the composition— 
Sn, 84*2 per cent. ; 8b, 10*5 per cent. ; Cm 5*3 per cent. Another 
now large!}* employed contains — Pb, 80 per cent. ; 8b, 15 per 
cent. ; 8n, 5 per cent. Alloys of this class, though of no great 
tensile strength, are sufficiently strong in compression to carrv 
the load of even a hea.vy bearing ; their comjairative plasticity 
renders them less liable than " brass ” bearings to '* seizes 
and heat, and the coefficient of friction is generally low. 

N.B. — The various alloys are considemed more* fullx* in the 
metallurgical section of this volume (Part 11.). • 

ALUMINIUM is at present but little used as a true* structural 
material, though its employment iu this direction is inenatsing. 
The commercially pure metal (90 per cent. Al) is white, not 
very lustrous, and easily dulled by exposure to air ; tlie corrosion 
,is, however, only superficial. When cast it has a tensile strength 
of 7 to 9 tons per s(|uare inch, with a.n extension on 1 inches 
of 15 to 20 per cent., though many s])ecimens liave a miicli 
smaller extension. After rolling, its tensile strength is increased 
to about 16 tons, with an extension of about 1 per c(‘nt. on a 
length of 4 inches. It is best worked wartn, at about the tiun- 
jrerature used for zinc. It is difficult to solder, and this prop(‘rtv 
hinders its use for many purposes. The chief impurities of 
commercial aluminium are iron, silicon, and sodium. The first 
is said to be injurious, but the effect of silicon is rather to increase 
the tensile strehgtli, while diminishing the elongation. Allovs 
of aluminium containing a small quantity of copper, silver, 
nidkel, or titanium have a. highei tensile strength than the pure 
metal. Thus the additicui of 2 per c(*nt. of copper raises the 
strength*of rolled aluminium to .19*5 Ions; alloyt? containing 
2 to 3 per cent, of titanium have a. tensile strength of 18 to 27 tons 
per square inch in forgings, and similar results have been obtaiiied 
with nickel and zinc. On account of its lightness and good 
electrical conductivity (about 59 per cent, of that of cop})er), 
it has 4)ec%i proposed to use aluminium for tele<;ra])h ami 
phone wires ; an<J a wire with a copper sheathing and ^uminium 
core,«h#ving a conductivity of 69 per cent, of that oj copper, kis 
also^aen devised. Al and its light alloys are used^in castings 
fof the gear and cngijje cases of motor cars. 

^MCKEL is used alone as a structural material to a sniaPf 
extent, its eiuploymeut being practically confii^d to m?ikiug 
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culinary utensils and cliemical apparatus. Its chief alloys are 
dealt with under Nickel in the section on Metallurgy. Nickel 
(?)8 to 99 per cent, pure) itself is not difficult to cast, bu^t is cold- 
sliort. Cast bars are usually spongy, but after hammerin" 
becoffie compact and tough. The addition of a very small 
<iuantity of magnesium removes occluded gases from ni(^kel, 
and gives a metal free from blow-holes, the ductility and malle- 
ability also being improved. Aluminium may be substituted 
fpr magnesium, but an excess tends to make the nickel too 
hard. Nickel steels are now largely iised for armour plates, 
guns, and naval purposes. Such steels contain 3 to 5 per cent, 
of nickel, steels with 3 per cent. Ni especially being largely itSed. 
Nickel steels witli 3 ])er cent. Ni and 0*‘2 ])er cent. C have a tensile 
st rength of 41 to 42 tons per sf|ua.re inch, an ela.sti(‘ limit of about 
27 tons, an extension of 26 to 28 per cent, in 3 inches, and a 
reduction of area, of 60 to 68 per cent. In general, the elastic 
limit of such steel is a.bout the same as the tensile strength of 
ordinary mild steel, the elongation and reduction of area being 
about the same for both. The welding of nickel steel becomes 
more difficult with increasing percentages of nickel ; with 3 per ^ 
cent, nickel steel good results can be obtained, however, if care 
be taken. The tensile strength and elastic limit of nickel iron 
alloys and nickel steel increase regularly with the per(*entage of 
nickel up to about 20 per cent, of nickel, after which they decrease 
to some extent, the elongation increasing abnormally up to about 
30 per cent, of nickel. The magnetic properties of a nickel ircJti 
alloy containing 25 per cent, of nicbel are remarkable, the alloy 
being scarcely magnetic until cooled to — 40'' C. (— 40^ F.j. 
It then becomes magnetisable and retains this property until 
heated to 600° C. (1,112° F.). Tests made on wire of this com- 
position showed, before cooling, a tensile strength of about 
50 tons per square inch, and an extension of about 30 per certt. ; 
after cooling, a tensile strength of 85 tons, and an extension of 
7 per cent.^ Rod or plate, containing 25 per cent. Ni,'’0’27 per 
cent. C, and 0*85 per cent. Mn, had, in the uncooled state, a* 
tensile strength of 46 tons per square inch, an clastic limit of 
13 tons, an extension of 29 per cent, in 8 inches, and a reduction 
of area of 29 per cent. (cj. table, p. 35). The corrosion of nickel 
steel end. other, nickel alloys is considered on p. 49. «• ♦* 

Monel Metal. — Attention has been called to this alloy recently 
by its use iutthe sheet form in the roof of the new Pennsylvanian 
Railwfiy S, Nation in New York. The sheets are fastened 'With 
nails of the same alloy. It consists of Ni 7,0 per cent., Cu 30 per 
cent., and is smelted and refined directly from the Ni-Cu niatte 
produced from ores of the Sudbury district in Canada. Moftel 
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metal has a* higher tensile strenjjtli tluiii Ni steel. Its iiardness 
makes it more difficult to roll than steel sheets. It resists 
corrosion, takes a fine polish, and possesses many of the 
perties (ff metallic nickel. 

^ ROOFING MATERIALS. 

The chief roofin»‘ materials in common use ar(‘ slates, tiles, 
sheet lead, sheet zin(\ zinced ("‘ galvanised ”) iron, and tinned 
iron (tin-plate). • 

SLATE is an argillaceous rock whh h is of sedimentary origin, 
and. has had cleavage planes developed in it, its peeiiliar fissile 
character (slaty cleavage) being due to a. re-arrangement of the 
particles of the rock consequent on compnession. Slate gtnierallv 
consists essentially of aluminium silicate, coloured with ferrous 
oxide. Light coloured slates are sometimes found : dead black 
slates are rare. Iron sulphide is often |)resent both as ])vrites 
and marcasite. The former is not injurious, but tin; latl(*r ciiuses 
disintegration of the slate on account of the ease with which it is 
oxidised by weathering. Calcareous slates, containing as much 
^ as 49 per cent, of calcium carbonate arc also found. A slatt* of 
good tjuality should have a. fine grain, should ring sharply when 
struck, and should not be easily scratched by the finger nail. 
Its colour does not serve*, as a criterion of <|uality. ddie most 
important property, besides toughness, to be considered in judging 
•Aite, is its degree of porosity. It should be as nearly non-absorb- 
ent as possible. The difference in (juality of slates in this respect 
is shown by the fact that tin* volume of the pores of tlie slate 
varies from 0‘05 to fi p(*r cent, of the apparent voluiiK? of the 
whole slate. M^riny commercial variet ies of slate are distinguished. 
The Welsh are considered the best, and of these the Silurian are 
belter than the Cambrian slates, for they are less siliceous than 
the latter, and more ea.sily cleaved. Tin* sizes most in use for 
roofing s^’e distinguished by fancy names — c.f/., wije viscount- 

» esses,'' '' small ladies," etc., the enumeration of which cannot be 
attempted here. , 

Certain calcareous sandstones — c.y., Stonesfleld slates, which 
are not true slates —aia* used for ornamental roofing, but, being 
compaijati^^ely thick, their weight is against their general em- 
ployment. Slate is an excellent roofing material, but is %me- 
what^cffctly, and* on account of its usually dark coloiTr absorbs 
muck ]ieat when exposed to the direct rays of ttie sui^ l^us 
failing to keep the Iffiilding b *neath cool. • 

1}LES are made lA moulding and burning brick clay ; tlieii 
ilto-nufacture^ is described^ in the chapter on Clmj Imlu^iries. 
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Vol. II. They are thicker, lieavier, and more foroiis than 
slates. For tiles to be efficient they must fulfil one of two con- 
ditions. Either they must be of open porous structure, so that 
water soaking in may be able on freezing to expand •without 
splitting the tile, or they must be burnt at a clinkering’ tempera- 
ture, and be as dense and non-porous as stoneware or biscuit 
porcelain (fj.v.), so that water cannot find its way in. The t^me 
end may be attained by soaking porous tiles in tar. Glazed 
tiles with a porous body are of little use, as the least imperfec- 
fion in the glaze permits the entrance of water, whicii in ex- 
panding by freezing in cold weather causes the glaze to scale 
off. Dense clinkered tiles can be glazed without this rejiult, 
but in this case the glaze is of small utility save as giving a smooth 
surface upon which lichens cannot grow. 

ZINCED ipON (galvanised iron) is largely used as a roofing 
material, and also for the entire (amstruction of sheds and other 
cheap and temporary structures. The process of “ galvanising '' 
consists in removing the scale from the plates and other articles 
(a preliminary annealing being performed in the case of plates) 
by pickling in hydrochloric acid, washing, scouring with sand, 
and passing through a ))ath of melted zinc which is covered with • 
ammonium chloride. The latter serves as a flux, and induces the 
coating of the iron by the zinc. For galvanised sheet, a little tin 
(2 to 3 per cent.) is added to the bath, and produces large crystal- 
line spangles on the finished goods, which appearance is often 
erroneously taken as a proof of good quality. A small quantity 
of aluminium — about O'Ol per cent, —is often added to the zinc 
bath to reduce any zinc oxide that may be diffused through the 
metal. The plates are generally brought out between rollers or 
brushes to economise zinc, the proportion of which adhering to 
the iron is usually reckoned in ounces per square foot, 2 ounces 
being a good average coating. Zinced sheet is often corrugated 
to increase its strength and prevent it from buckling when used 
for walls an 1 roofs. A considerable proportion of iron p?}sses into 
the galvanising bath and sinks to the bottom as a zinoiron alloy, r 
This hard zinc, containing about 5 per cent, of iron, is removed 
and liquated from time to time. As the iron of the tank is also 
dissolved by the zinc — resulting in the ultimate destruction of 
the tank — attempts have been made to avoid contact of the zinc 
with the tank By allowing the zinc to float on a layer of melted 
lei^d (to protect the bottom), and by lining the^ sides of tjhe tank 
with hre brick. The acid pickling bath used to clean the jfb-tes, 
etc., may hot legally be turned into sewers or rivers, and* is ^t 
Co become a nuisance. It contains about 13 per cent, of iroj^ as 
ferrous chloride, and but little free acid. An attempt at kxi 
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utilisation lias been made by Tfirner. wlio allows tlie liquor to 
trickle into a furnace, where the liquid eva])orates and the 
ferrous chloride is decomposed in a.ccordance with the ecjuation 
2FeCL -f- 2H.X) -j- 0 — FeJ) . -f- dHCl. The hydrochloric acid is 
condensed by the usual means (see Salt-calr, Vol. 11.^ and 
re-used. The feri’ic oxide serv(‘s as fettlin<i in puddling furuac(‘s. 
Mofft grades of cast iron, wrought iron, ingot iron and steel, and 
articles of the most diverse sha,pe may be zinced, but ( (utaiii 
differences in facility are observed. Thus cast- iron is least easy 
to zinc ; wrought iron, ingot iron, and mild steel take tin* metitl 
readily ; but hard steel— -c.f/., wire for ropes — is less readily 
coaled. The high temperature of the galvanising bath (12()' C. = 
788° F.) also affects the temper of hard steel wire, diminishing 
its tensile strength. The tact that zinc forms an alloy of low 
strength on the surface of the iron, immediatelv bemaith the 
visible coating, appreciably impairs the strength of goods of light 
ection — e.f/., wire and small chains. Recently, iron articles have 
leen galvanised in the cold by immersing them in a neutral 
olution of zinc sulphate through which an electric ( urreiit of 
to 70 amperes p«‘r square foot is passed. In this case, the zine 
nerely plates the iron without forming an alloy with it. Still 
nore recentlv, a process due to Cowper-C’oles, and Ivnown as 
^lierardising, has been introduced. It consists in placing the 
deaned iron articles in a rotating drum, or other movabh' metallic 
■eceptacle, together with zinc dust, or a mixture of finely-divided 
inc and oxide, and about 3 per cent, of carbon. The wliole is 
leated to dull redness for a period depending on the thicknesfi 
)f coating required. The coating obtained is distingui.shed by 
ts silver grey tint. A still later modification of the proces.s is 
:hat known as* vapour galvanising,” in which the articles are 
placed either in a separate chamber filled with zinc vapour, or 
jrb^ve molten zinc. In either (‘ase it is necessary to move the 
objects to ensure an even coating. Iron is .sometimes coated with 
lead ins^ad of zinc, d he general method of proc;fdure is the 
same, but even greater care must be bestowed on the preparation 
ind cleaning of the iron to be leaded, as Jead adheres less readily 
than zinc. The cheapness of lead (£13 per ton, as compared 
with £23 per ton for zinc*) gives it an advantage, as does its 
indifference to acids and its ductility, Avhich prevents it from 
tending to scale when the ai ticlc coated with it i§ hmit. n does 
not im^piir the stferigth of tue iron or steel to wliich it is applied, 
and^the risk of softening hard steel wire (referreef to alcove in 
tljip case of zinc) is much les ened, as the fusing poii^t of lead is 


^ Prices of all metals fluctuate con.sideiabl^'. 
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only 325° C. = 617° F. Against these properties itiust be set 
the inferiority of its protective action to that of zinc {v.i.), and 
it« toxic qualities, which make it unsuitable for lining cisterns 
and pipes which are used for holding and conveying warter. If 
used the same thicknesses as zinc, it increases the weight of 
the coated article, on account of the difference between the 
specihc gravity of lead (11‘4) and that of zinc (6'9). The advan- 
tage in point of cost mentioned above is, therefore, less thau 
appears from the comparison of the prices per ton of the t^^o 
iiietals. 

TINNED IRON (tin plate) is not much used as a structural 
material (save occasionally for roofs, for which it is ill adapted), 
but is conveniently considered here on account of its analogies 
to and differences from zinced plate. It is used for small hollow 
ware, and inasmuch as it can be cheaply soldered and made up, 
it is not ousted by zinced iron in spite of the low price of zinc 
compared with that of tin. The process of manufacture is as 
follows : — Healed bars of wrought iron or ingot iron are rolled to 
a plate, which is folded across the middle, again heated and rolled. 
The doubling and l olling are repeated until as many as thirty-two 
thicknesses have been rolled. The edges of this compound plate ♦ 
are sheared off, and the individual plates split asunder. The 
coating of iron scale which forms during the rolling prevents the 
plates from welding together. The plates are then pickled in 
dilute sulphuric acid,* scoured, and annealed. The surface is 
then improved by cold rolling, which renders a second annealing* 
necessary. Alter a second pickling in a more dilute acid, the 
plates are passed into the “ grease-pot,'" containing melted tallow 
or palm oil. They are then dipped in the tin bath, the metal 
in which is covered, to prevent oxidation, with grease or zinc 
chloride. To perfect the coating of tin, passage through several 
su('cessive tin pots follows. By this systematic working, 1;he 
preliminary coating is done by the most impure bath, and the 
final layer jfut on in a pot of nearly pure tin. To squeeze oft^ 
the excess of tin, the plate is finally passed through rollers running ^ 
in a grease bath. Although tin plate has a layer of tin-iron 
alloy intermediate between the iron plate and the tin coating 
proper, yet the diminution in strength due to this layer is less 
marked than in the case of zinced iron (p. 31). Thus jt happens 
that {fiinner plate and wire can be tinned than can be* zinced 
without idjury. * 

* Pickling any light irun article in acid so as to cause the evolution #ot 
kydrogen at its surface renders it brittle by absorption of hydrogen ; ^his 
brittltMess is removed on heating. 
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STRENGTH, PERMANENCY, AND PRESERVATION 
OF MATERIALS. 

STRENGTH OF STRUCTURAL MATERIALS.-In the pre- 
ceding sections the strength of ordinary metals used ig con- 
struction has been incidentally given as a criterion of their 
qu^flity. In the appended tables their values are compared with 
the corresponding figures for other materials. In general the 
mechanical property, the possession of which causes the (dioice of 
the material for its ordinary functions, is given, sometimes tt> 
the exclusion of its other less important mechanical properties. 

The following figures refer to the mechanical properties of 
metals at the ordinary temperatuie — at 15° C. = 59° F. At 
liigher temperatures — c.g., 300° to 400° F. (= 149° to 201° C.) — 
their tensile strength is generally greatly reducecL a matter of 
much importance in structures carrying heavy Toads at high 



A, Stoidyard beam ; U, diamond pointed style ; C, scale pan ; 
\), iising table ; E, screw. 


temperatures, such as steam boilers. But few exact data dealing 
with this? matter have been published. * 

The resistance of materials to wear (abrasion or attrition) 
depends jointly on their tenacity and* hardness. The latter 
property may be best ascertained by the use of Turner's sclero- 
meter (Iwdness measurer), a modified form of which, devised 
by one^^ the authors, is shown in the figure above. A •steel- 
yard b^m, A, »vings on a pivot in a horizontal pJanc, and 
oscilktes on knife edges in a vertical plane. At thg end remdte 
from the knife edges is a style, B, shod with a diamond point. 
TKis style is set at angle with the plane of the beam for a 
pjjir^ose which will be explained later. A scale pan, C, slide * 
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STONE, BRICK, CONCRETE, AND CEMENT. 


Name. 

Conipregslve 
Strength. 
Tons per 
S<iuare Foot. 

Tensile 
Strenirtli. 
libs, per 

Weight 

per 

Cubic Foot. 

Percentage 
of Water 
iilworbed. 
Reckoned 


Scpiare 

inch. 

Lbs. 

on VVeight 
of Stone. 

STONE —Sandstones 




0 

Prudham, 

45.5*3 


142*5 

4*00 

Craigleith, . 

352*8 

453 


3*2 

Granites— 





Rubislaw (Aberdeen),* . 

1098*8 


103*7 

0*09 

Kenmay ( Aberdeen ),t - 

1211*1 


101*0 

0*21 

Aberdeen (another), 

1800 


104*1 

0*10 

Ccjrnish, 

1402 


104*5 

0*41" 

Norwegian, . 

1870 


105*5 

0*34 

Whinstone, 

709*0 

I4r»9 

170*0 

0*10 

Calcareous Stones — 





Oolitic limestone (Portland) 

287*0 


137*0 

0*84 

Holomitic „ (Anston),:!: 

301*9 


132*2 

7*50 

True dolomite, 

.577*4 


145*4 

4*62 

Marble (White Italian), . 

J400 

722 

170 

Trace. 

xMarble (Red Devon), 

470*() 




BRICK— 





London stock, 

128 




Uault brick, . 

135*4 



19 

Staffordshire blue brick,. 

207*8 



3*7 

Red brick (machine made). 

113*8 



i 9*9 

Spent lime and clinker, . 

301 



0*0 

CONCRETE— 




< 

* 1 cement ; 0 ballast (twelve 





months old). 

91 




1 cement : 2 ballast, 

100 




CEMENT— 





A. Neat — 





7 days. 

570 




3 months, 

739 




b „ . 

771 




12 ^i, . . 

932 




24 „ . . 

3 sand : 1 cement — 

•• 




7 days, . . . 

275 

300 



3 months. 

308 

350 



b „ . . 

300 

400 



^2 „ . . 

1 300 

425 


\ •• 

'24 „ I . . 


450 

( 

V . . 

B. Neat — 



j , 


, 7 days. 

488 

on 


S . . 

28 „ ‘ . 

3 sand : 1 cement — 

598 

869 


M ■ 

7 days, 

28 „ ... 

143 

! 208 

233 

290' 


O 

. .fc 




* Used fx>r London Bridge. t Used for Forth Bridge. 
J Houses of Parliament. 
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METALS. 


Name. 

; Tensile 
i .Strength 
i Tons per 

I Sq, Inch. 

Elastic 

Limit. 

1 

Extension, 
Ter t'ent. 

ReiVnction 
of Area. 

Per Cent. 

Cast iron, 

7 

o 

liiiipinociiibk 

Inappreciable 

MalleaTjle cast iron, .... 

i 17*8 


5 6 

6*9 

Wrought iron, ..... 

! 22-25 

13-15 

26 

30-40 

Ingot iron (O’l per cent. C), . 

; 25 

15 

28 

50 

„ (0-2 „ C), . 

‘ 2.S 

17 

24 

44 

m „ C), . 

i 35 

21 

•20 

30 

„ (0-4 „ U), . 

40 

24 

15 

25 

Cast stc' l hard (0‘G per cent. C), . 

60 


1 


Hard sleel wire (fine gauge), 

100 

1 

1 


Bull-headed railway rails. 

38-d5 


15 


Tramway rails and fishplates, 

40 

i 

12 ill 2" 


Locomotive tyres, ..... 

48-54 

1 ... 

15*11 in 2" 
25 in 3" 


,, a.x:les, ..... 

32-37 

1 


Carriage and wagon tyres, 

4n 42 

i 

20111 2" 


,, ,, axles, 

*Forged iron, annealed (99-80 F<*, 0*08 C), 

26-30 

1 

30 in 3" 


IS 


52 in 2" 

76 

* ,, nickel, ,, (98-80 Ni, 0*16 C), 

*Nickel steel p.c. Ni, 0*2 p.c. C), 


! 7 

54 in 2" 

52^ 

42 

1 27 

26 in 3" 

Cl 

,, (3*82 p.c. Ni, 0 19 C, 0*65 Mn), 

33 

i 25 

35 in 2" 

55 

„ (15*48p.c. Ni, 0 2.3 C, 0*93 Mn), 
Nickel iron (24*51 p.c. Ni,016 C, 4*00 Mn), 

68 

i 

1 in 2" 

1 

78 

25 

14 in 2" 

8 

Nickel steel wire (27 8 p.c. Ni, 0*4 C), . 

80 


6*25 in 2" 

16*5 

Nickel, rolled, 

35 


10 in 2" 


'■' Nickel, wrought, annealed, . 

42*4 


23 in 2" 


, tOucible steel (C, Mn), .... 

27 

1 1C* 

35 in 2" 

60’ 

0 ,, (plus 1 per cent. Cr), 

38 

25 

30 in 2" 

57 • 

,, (plus 0*1 per cent. V), 

35 

28*5 

31 in 2" 

60 

,, (plus 0*25 ,, ), 

39 

34-1 

24 in 2" 

59 

,, (plus 1 p.c. Cr -f 0*25 V), 

60*4 

49*4 

18 '5 in 2" 

46*3 

Open-hearth steel (C, Mn), . 

32 *2 

17-7 

34 in 2" 

52*6 

,, (+1 p.c. Cr -f- 015 p.c. V), 

52*6 

1 34 -4 

25 in 2" 

55*5 

Copper (tough pitch), .... 

1.3-15 

1 6-8 

dO 

40 

Brass (2 copper : 1 zinc). 

15 

1 ... 



Gun-metal (9 Cu ; 1 Sn), 

15 20 


) 


Phosphor-bronze, rolled, 

• 

32 j 

none. 

Soinetiiue.3 
'24 or higher. 

1 

50 

' ,, cast, .... 

18 

12 

11 

10 

Muntz metal sheet 

21 

• ... 

50 in 5" 

56 

Delta metal, cast, 

20 


40 in 5" 

48 

32 

16* 

18 

20 

,, rolled, 

45 

•20 

20 

22 

’Bull metal, j^oUed, . . . . ' 

36 

21 

. 1 

• 15 

,, cast, . . . . . J 

Manganese bjonze, castf . . . ! 

24 i 

' 16 

10 

15 

30 

15 

28 • 


Ahiminiuwi b»onze (10 percent.), rolled, ; 

40 


30 

Aluminidlu; cast, ' 

rolled, .... 

Nickel, . . . . ♦ . . ' 


ih 

3 

5 

16 

85 i 


4 

... • < 

Zinc, sheet, 

7 I 



• 

. f . • . ; 

1 i 


♦ ' 



* Hadfield {Proc. hist. Civ. Eng.^ cxxx'dii). , 

T Sankey and IJent Smith {Rroc. Inal. Mech. Eny . , Dec. 4904).^ 
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along tlie beam, which is graduated, and by its means a load 
varying from 1 to 100 grammes can be placed upon the diamond 
point. The piece to be tested is prepared with a polished surface 
free from scratches, and is clamped on the rising table, D. The 
diamoiid point is loaded with a known pressure and drawn 
across the polished surface. The style carrying it is sloped, as 
mentioned above, to prevent “ chatter.^' By means of the 
screw, E, the table is moved bodily a short distance — e.fj., ?jj inch 
-^and another trial made with a different load. The load which 
just sufi&ces to abrade the surface of the specimen is a measure 
of its hardness. The instrument is preferably used in con- 
junction with a low-power microscope (1 inch objective) to mev^ 
the scratches and decide which corresponds with the abrading 
load. The following table {Turner) shows the hardness of various 
materials, the figures being the load in grammes required to 
just scratch the specimen when tested by the sclerometer : — 


vSteatite, . 

Lead (coml), . 

Tin 

Lock salt, 

Zinc (annealed), 
Copper ,, 

Calcite, . 

Softest iron, . 

Fluor spar, 

Mild steel, 

Tyre „ 

Apatite, , 

Hard cast scrap. 
Window glass. 
Hardest chilled iron, 


1 

1 

o 

4 

6 

H 

1 *2 
15 
10 
21 
20-24 

:u 

:!() 

(10 

72 


In choosing a material of construction in respect of its strength 
as distinct from its durability, it may be said that where static 
compressive loads have to be borne, a rigid material, such las 
stone, concrete, or such metals as are hard, and have a high 
compressivd strength in the cast state {e.g., cast iron 'md gun- 
metal), is preferable. When dynamic stresses have to be resisted, 
and toughness as distinct from rigidity is a necessity, some form 
of wrought metal, such as wrought iron, ingot iron, copper, brass, 
and special copper alloys (e.g., phosphor-bronze), is employed. 
The tpmdency pf most cast metals, if allowed to cool shnvly, is to 
assume a crystalline structure favourable to rigidity and com- 
pi3S8ive strength rather than to toughness and tensile strength. 
By working — e.g.^ rolling or forging — the crystals are commonly 
deformed in a longitudinal direction, and the metal acquire^^a 
nigher tensile strength and ductility, with some loss of rigidity. 
Thus, as mentioned under iron, the gast metal is^jnsed for b^d 
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plates and ’standards, and wrought or ingot iron for moving 
parts. The use of ingot iron or mild steel for rails is no excep- 
tion to the rule, as the stresses to which a rail is subjected are 
■(eminently dvnamic. 

PERMANENCY OF STRUCTURAL MATERIALS.--]Mie per- 

manency of building materials depends jointly on their inherent 
powers of resisting the destructive agents to which they may 
be exposed, and on the character of their environment, which 
may aid or hinder the disintegrating and corroding eh'ect of such 
destructive agents. These destructive agents may be divided 
into two classes, mechanical and chemical, the former being 
the more important. 

Under the hi’st head are included siicli influences as erosion 
by sand mcchani(*ally. driven against the building by the wind, 
and the attack of rain and frost. With regard io the effect of 
sand it is obvious that it is likely to oi*cur in places where the 
soil is loose and siliceous and the wind often high. Thus buildings 
on the sea coast are especially liable to this form of attack, and 
the side of a given building facing the quarter from which the 
prevailing wind blows, naturally suffers most. The effect of 
rain and frost is similarly localised by the action of the prevailing 
wind. The wind forces the rain into the stone, but, at the 
same time, causes the evaporation of the moisture when the 
rain has ceased ; this will not, however, compensate for the 
increase of the action of acids which may have been carried in by 
^he rain (sec Chemical corrosive agents). Thus it comes about 
that the most exposed side of a building suffers most from 
weathering. Probably the greatest mechanical effect is brought 
about by frost, which tends to disintegrate the stone by the 
expansion, iti the act of freezing, of the water enclosed in the 
pores, with consequent separation of particles of the stone. 
(!^old alone, if the stone be dry, has no deleterious effect, whence 
it follows that stone as quarried and containing much moisture 
must bt rendered fit for building purposes by being ‘ ’ seasoned — 
i.c., allowed to dry. The amount of water which a stone will 
absorb under its conditions of use depends on its texture, a loose, 
porous structure causing a large absorption. Even where the 
new stone does not absorb much water, it may tend to do so 
after ^usK, if the grains composing it be easily^ removed#by the 
mechanical actjpn of wind referred to above, and it^ superficial 
strj^ctfire thus rendered more porous. The capability of»the 
stcJhe to resist the action of frost is ascertained by a direct freezing 
test. The test piece is saturated with water and alternately 
frozen and thawed (a dozen times or more), and the loss of weij^t 
of the bloik by exfolia^on determined. A test formerly much 
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in vogue (Braid's test), which consists in soaking the stone in 
a saturated solution of sodium sulphate, allowing the salt to 
crystallise in its pores, and repeating the operation, is fallacious, 
as the solution of sodium sulphate contracts in solidifying, and 
the ex/pansion of water in the act of freezing is not imitated. 
The determination of the maximum amount of water which a 
stone will absorb is effected by soaking a test piece of known 
dimensions and weight until it is saturated, and ascertaining 
the increase of weight caused by the water which it has taken 
up. In the case of slate similarly tested, diphenylamine (M.P. 
54° C. = 129° F., B.P. 310° C. = 590° F.) has been recommended. 
The behaviour of different classes of stones (and of bricks) with 
regard to the action of frost, may be thus generalised : — 

(1) Those which are impermeable to moisture must plainly 
be unaffected.. Such are stones of extremely close structure — 
e.g,, granite, and bricks and tiles burnt at a clinkering temperature. 

(2) Those which are porous but are of open texture and fair 
cohesion are likely to suffer little, as although water finds its 
way into them, yet there is room for it to expand on freezing 
without causing disintegration. 

(3) Those which are not very porous but are still hygroscopic, 
such as certain argillaceous varieties, are liable to serious attack, 
as water finds its way in and freezes in the pores without having 
room to expand. 

The only satisfactory manner of determining the frost-resisting 
power of a stone is to submit it to the freezing test above- 
mentioned. 

Although the foregoing paragraphs have dealt chicHy with 
the behaviour of stone, they apply equally to artificial stone, 
including brick and concrete. The latter have, however, certain 
defects of their own. Thus, bricks which have been made from 
clay containing alkali salts are liable to efflorescence, the salts 
(sodium sulphate and carbonate) appearing on the surface of 
the brick with a disfiguring effect. Other causes of the j»>resence 
of soluble salts inducing efflorescence, are the presence of iron 
pyrites in the clay, and of sulphur in the fuel used to burn thev 
bricks ; both these give rise to sulphuric acid during the burning, 
and the alkalies and alkaline earths present in the clay are con- 
veitedhnto sulphates. Pyritic clay should, therefore, be'avoided. 
Similar efflorescence occurs with artificial stone, ..which has been 
made by a process involving the use of an alkaline si lick te^ as 
any residual alkali left after the washing process which \he 
stones undergo, is gradually converted into ca,rbonate, and appearii 
upon the surface. Concrete and cement mortar may also give 
efflorescences of calcium hydroxide and carbonate,'^ and, if iiL 
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contact with sea Mater, may develop growths coinposod chiefly 
of magnesium hydroxide, due to the interaction of tlie mag- 
nesium salts of the sea-water and the lime compounds of the 
concrete. The foregoing efflorescences are sometimes fairly 
harmless ; frequently, however, they tend to cause damp places 
oij the structure, destructive of paint and plaster, and even 
leading to the detachment of fragments of the Mall. In the case 
of concrete these efflorescences owe their injurious character to 
the chemical actions involved rather than to any mechanical 
effect which they exert. They muII be dealt M'ith more fully in 
the next section. 

•The groMTh of lichens on stone and brick influences the per- 
manency of these materials in a manner depending on the 
prevailing conditions. Thus, such a groM th may serve as a pro- 
tection from rain, but, on the other hand, m^y prevent the 
surface from drying. Since the plant needs a foothold, a smooth 
surface will be less able to afford su])port than a rough one. 
Porous brick and tile are typical materials upon which such 
growths occur. 

In the case of metals, the posvsibility of mechanical destruction 
Ig less imminent than v ith stone and brick, on account of their 
closeness of grain and the fa(*t that they are less frequently used 
than stone or brick for outside work, or if so used are [)rotected “ 
by some external envelope. There is, hoM’cver, one cause of 
failure (previously adverted to incidentally) which must not be 
Overlooked in designing and maintaining metallic structures. 
It has been found that the fre(iuent application of a load, M^ell 
below that w^hich the metal if tested in the ordinary way is 
found to be easily capable of bearing, eventually produces 

fatigue '' ill the metal, tending to change its structure and 
causing it to become crystalline and brittle. It may be supposed 
that repeated agitation alloM^s the molecules of the metal to 
assume the positions corresponding with the form in which it 
crystallises, and the consequent alteration to a less interlocking 
structure naturally decreases the strength of the material. 
Instances of the change in question aKi afforded by the failure 
of railway axles, which have been found to become crystalline 
after long use, and by the sudden snapping of brass chains, such 
as art ifced to support gas pendants, and are, therefoiB, sub- 
jected to repelled strains from the oscillation of ^lie burners 
dep^n(fing from them. • 

Th'j use of many structural materials involves operations 
t^’hich have a considerable effect upon the permanency of the 
^ structure. This inffuence is distinct from that exerted by tile 
quality of the materials qf construction themselves. All nfethoda 
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of uniting separate pieces of the same material, or of one material 
with another, come into this category and may be considered 
here. 

The best method of joining is that of autogenous soldering — 
i.e., tfete union of two pieces of the same material by bringing 
together the parts to be joined in a liquid or semi-liquid stp-te. 
The process known 'par excellence as autogenous soldering is lead- 
buming (see Vitriol, Vol. II.). The operation of lead-burning 
cpnsists in applying two dean surfaces of lead to each other and 
fusing their opposing edges, so that the molten metal forms a 
seam between the two, continuous and homogeneous with the 
portions joined. Fusion is effected by the flame of a blowpipe 
fed with hydrogen and air, the source of heat being sufficiently 
intense to fuse the metal locally without he.ating the adjacent 
portions, and being also clean and free from products of com- 
bustion (e.g., sulphurous gases) capable of tarnishing the metal 
to be joined.* Another case of strictly autogenous soldering 
is afforded by the welding of iron and of steel. Here the metal 
is not actually fused so that it will intermix by its own flow, 
but when in a plastic state it is caused to flow by pressure, applied 
either as a steady stress or by hammering. The simplest form 
of welding is that practised by the smith, and consists in raising 
the temperature of the parts to be welded to a “ welding heat "" 
— i.e., nearly the highest temperature of the forge (see Industrial 
Temperatures, p. 114), cleaning the surface by slagging {fluxing) 
off the oxide with sand or borax (which thus serves as a flux), 
and hammering together the surfaces to be joined. Wrought 
iron will stand a high welding temperature, and is correspondingly 
easy to weld. Ingot iron and mild steel are somewhat less easy 
to weld, and are worked at a rather lower temperatiu-e ; higher 
carbon steel needs a still lower temperature and more careful 
working, borax and sal-ammoniac being used as fluxes, as a slag 
formed by the aid of sand is not sufficiently fusible at a red 
heat. A neat application of the use of a flux to be placed between 
the surfaces to be welded has been devised, and consists in 
employing fine soft iron-wire gauze, the meshes of which are filled 
with borax glass (fused borax). Pieces of this are placed between 
the metal to be welded, and present the flux at the precise spot 
where >t is needed. The difficulty of welding high carboip steel 
is increased when it has to be welded to ingot iron or wTought 
ironi as a temperature suitable for the former is too low tor *the 
satisfactory working of the latter. Certain tools — e.g., hack-<;aVs, 

J The strength and permanence of concrete made*J?i situ and built uj\,to 
form wl\at is in essence a monolith, are largely due to the method of jointing, 
which is quite comparable with autogenous soHering. ' 
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"vices, and lianimers that need a luird working face and a soft, 
tough backing — are produced by welding hard steel to softer 
steel or iron. A skate blade and a compound armour plate are 
examples of the same practice. A difficulty A\hich stood in the 
way of oxyhydrogen blowpipe welding — viz., the economical 
production of the two gases — has now betai ov(‘rcome l)y a 
method depending on the electrolysis of water (p. OO). The 
blowpipe, in which the gases are burned, is a conical mixed jet 
pipe wdtli a small brass nozzle, and is now used for the aiitogenouj^ 
soldering of iron, steel, co])por, and other metals. Oxygen and 
hydrogen arc used in the a.pparatus in the proportion of one to 
six Respectively, and, as the decomposition proc'css yields the 
two gases in the proimrtion of one to two the. excess of oxygen 
is compressed into cylinders and sold for medical and other 
purposes. The use of oxygen and acetylene in a*sj)ecial blow- 
pipe foi supplying the heat necessary in autogenous ^^'elding is 
a recent development, and has many advaaitages. The oxygen 
is contained in a cylinder in a state of compression, while the 
acetylene is drawn directly from a generator of any ordinary 
pattern which yields the gas in a pure state and uncontaminated 
with air. The best welding results arc obtained by a mixture 
of 1 volume of acetylene and 1*7 volumes of oxygen. The 
temperature of the flame (about 0,000^ F. = ().) is above 

, that at which hydrogen will combine with oxygen to form water, 
can only be exceeded by that found in a powerful electric 
furnace. The fiaine consists almost entirely of carbon monoxide, 
which is being converted at the extremity of the flame into carbon 
dioxide. The liydrogen dissociated from the acetylene remains 
temporarily in tlie free state, and forms a relatively cool jacket 
round the flame, protecting the inner zone from loss of heat, 
and at the same time excluding the possibility of oxidation, 
whicli is a difficulty met w ith in the oxyhydrogen process. Oxy- 
acetylene autogenous welding is applicable to a great- variety 
of work, •and its use is rapidly extending in engineering work 
generally. A recent method of wTlding which has found con- 
siderable employment is that depending f)n the use of electricity 
as a source of intense and local heat. A current of large tjuantity 
and low pressure, which may be obtained from an ordinary 
dynamcf 1^ the interposition of a step-down tfansformet*,* is 
passed t],^rough the bars (o: other pie(‘es of iron) to he welded. 
At thj point wffiere they touch, the resistance due to tl 4 eir iniperfefit 
contact causes the transformation of electrical energy into heat ; 

* A transformer is the Aodern equivalent of an induction coil : a step-uj% 
tfc.'inaiormer is essentially an induction coil ; a .stc2)-do\vn tiansforjjier a 
reversed induetTon coil. 
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as heating proceeds the resistance rises, in accordance with the 
general behaviour of metallic conductors, and more heat is 
generated, the opposed ends of the bars quickly reaching a 
welding temperature. During the process they are pressed 
together in the direction of their length, and the joint is finished 
by hammering in the usual way. An alternative method, appli- 
cable when it is not possible to make the two pieces of metal 
to be joined act as both electrodes, consists in the use of one 
as an electrode, and a carbon rod as the other electrode, local 
\ieating by means of the arc thus produced being engendered, 
and welding of the two pieces of metal effected. This method 
has also been applied to lead-burning. Electric brazing is -also 
practised. The chief advantages of electrical welding are its 
rapidity and (cleanliness, and the ease with which massive pieces 
of metal may be welded when already in place. Probably on 
account of the extremely local heating of the welded joint, 
an electrical weld is not as tough and reliable as a good hand 
weld, which can, when made in wrought iron, be bent througb 
an angle of IStP cold, whereas an electrical weld usually fails- 
at about 135°. Electrical welding, on account of the high and 
local temperature at command, can be applied to other metals 
than iron. Chopper can be welded to copper, aluminium to 
aluminium, and indeed most metals to themselves and to each 
other. In these cases the joint is made by local fusion rather 
than by welding in the ordinary sense. A similar weld is obtained 
by the use of Goldschmidt’s thermite process, in which the inten'se 
heat developed by the oxidation of aluminium at the expense 
of another metallic oxide, mostly ferric oxide, is utilised. The 
thermite, consisting of an intimate mixture of aluminium powder 
and ferric oxide, is fired by means of a fuse of magnesium ribbon, 
one end of which is embedded in a small ball of aluminium powder 
and barium peroxide placed in the thermite. The heat of ’che 
reaction prodiu ed is sufficient to melt the mixture, which is then 
poured on to the metal to be welded, the hvo pieces to bft- joined — 7 
e.(/., tram-rails — being clamped together and surrounded by a 
rough mould of sand. ’The weld is finished off by filing away, 
if necessary, the iron from the mixture which has fused on to 
the metal. In the case of rails, however, only the top surface 
is finished in this way, the lump of iron at the bottosi being 
left, as itdncreases the strength of the joint. Autogenoijs solder- 
ing, using the phrase in its widest sense, has the advantages over 
other methods of joining that risk of destruction by theoft^rma- 
tion of galvanic couples from the contact of different metftls 
'vvith each other is minimised. ^ 

Methods of*>SOldering, as distinct ftom autogenous soldering. 
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consist in joining two metals by an alloy more fusible than either, 
but capable of forming an alloy with each. Hard soldering or 
brazing is used chiefly for copper and brass, the fusible alloy 
employed being a brass rich in zinc ; the ordinary hard solder, 
“ spelter,”* for brass consisting of 1 part of copper and 1 cf zinc, 
that for copper (and iron) having the composition of 2 of zinc to 
from 3 to 6 of copj^er. The melting point of the solder is of 
course chosen so as to fall below that of the metal to be soldered. 
This difference in melting point is indicated by the terms hard 
and soft spelter, the former being the less fusible. The flux used 
is borax, Avhich is generally mixed with the solder, the latter 
being in the form of filings or wire. The mixture is made into 
a paste with water and applied to the joint, which is wired or 
pinned together so that it may not shift during soldering. The 
heating is effected by a (*okc fire or a gas blowpi^^e. Acetylene 
is occasionally used instead of coal gas. The action of borax 
as a flux is due to its power of dissolving metallic oxides, while 
leaving metals unattacked; cleaned metallic surfaces are thus 
presented to the action of the solder, a condition essential to 
^ the formation of alloys. Silver solder is another hard solder 
used for fine work in the same way and with the same flux as 
spelter. Hard silver solder contains 1 part of copper and 1 of 
silver, a softer variety containing 1 of copper and 2 of silver. 

Soft solder is used for joining tin-plate and the more fusible 
* metals and alloys — c.f/., zinc, lead, tin, and pewter. It is also 
Istfgely used for brass and copper where strength of joijit is not 
essential and the low fusing point of the solder is no detriment. 
Most varieties of soft solder arc lead-tin alloys. Fine solder, the 
most fusible of common solders, contains 2 of tin to 1 of lead ; 
tinman's solder, 1 of tin to 1 of lead ; common plumber's solder, 
1 of tin to 2 of lead ; coarse solder, 1 of tin to 3 of lead : pewterer's 
solder ( onsists of 2 of tin, 1 of lead, and 1 of bismuth, the object 
of the addition of the latter being to lower the fusion point 
below tlmt of the pewter. Various fluxes are used, according 
•to the nature of the metal to be soldered. Iron, which is less 
frequently soldered than the metals enumerated above, inquires 
sal-ammoniac as a flux ; for tin-plate, chloride of zinc solution or 
rosin is employed ; for copper, any one of the three can be used ; 
hydrochitilic acid or zinc chloride is used for zinc tallow foi* lead 
— in “ wipiiijiT joints ; and olive oil for pewter. T^s o classes 
of fliyces^may be distinguished in this list. The first^has a purely 
protAtive action, preventing the oxidation of the pieviously- 
cl^ned metal surfaces ; examples of this class are rosin, tallow, 

* ^Iter is used technically to mean (1) hard solder for brazing, a^d (2* 
cast zinc, as op*)oscd to rolled sheet zinc. 
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and olive oil. The second has a cleansing action, any oxide-film 
on the metal being fluxed and removed ; sal-ammoniac, zinc 
chloride, and hydrochloric acid are cases in point. The use of 
these latter depends on the volatility and fusibility of most 
metallic chlorides. The choice of a flux depends mainly on the 
fusibility of the nietal to be soldered, and on the readiness with 
which it oxidises. Thus tin (or tin plate), which does not easily 
oxidise and fuses readily, needs a fusible solder and a fusible flux 
which may be merely protective and have no cleansing action ; 
such a flux is rosin. Copper is fairly non-oxidisable as compared 
with zinc or iron, and may be soldered with rosin, but zinc (chloride 
is generally used. Zinc is a difficult metal to solder, as it is easily 
oxidisable and needs a cleansing flux. When hydrochloric acid 
is used, zinc chloride is formed in situ, but the zinc chloride can 
be also applied as such to the surface. In both cases zinc oxide 
is dissolved and a clean surface presented to the solder. The 
technical name for zinc chloride solution is “ killed spirits of 
salt,'' it being made by “ killing " spirits of salt (hydrochloric 
acid) by the addition of scrap zinc until saturation is reached. 
The soldering of iron and of copper is much facilitated by previous 
tinning, the process consisting in wetting the clean surface with' 
pure tin before the soldering proper is performed. 

A method of joining iron pipes where the joint will not need 
to be broken after it has been once made, consists in the use of a 
“ rust-joint." The cement for this joint is made by mixing iron 
borings or filings (80 parts) with sal-ammoniac (1 part) ^nd 
sulphur (2 parts), the whole being moistened with water and 
rammed into the joint. The joint is essentially iron rust, rapid 
rusting being induced b}^ the minor ingredients. 

Passing from mechanical causes of permanency or its opposite, 
chemical agents influencing the permanency of structural materials 
must be considered. The chemical agents which lead to '^the 
destruction of building materials are water, acting as a solvent 
and hydrating agent, carbon dioxide, and sulphurous* and sul- 
phuric acids, the last three acting simply as acid solvents in the 
presence of water. Nearly the only structural material sufiering 
simple solution is plaster of Paris (calcium sulphate), including 
Keene's cement (q.v., Vol. II.). On account of its solubility 
it is ,pnly used for work protected from the weather, fov tem- 
porary fi^cing of hydraulic mortar exposed to tj^e action of water, 
iu order that the mortar may be protected while setting.; the 
plaster is ultimately washed away, having fulfilled its function. 
The concrete itself, even when fully set, is not necessarily pier- 
♦• manent when its structure is porous and' water has free a^jcess 
to it, as hydrsLulic cements are by no^means perfectly unaffected 
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by water. The presence in the water of salts with which the * 
hydraulic cement is capable of reacting — c.(j., salts of magnesium 
— accelerates such change. Destruction may also be induced 
by the action of calcium sulphate in sea water brought into 
contact with hydraulic cement, inasmuch as this salt fofms a 
definite compound with the calcium aluminato, 3CaO, Al.O;,. 
constituting an important part of the composition of the cement, 
and produces internal expansion or “ blowing.'’ As an hydrating 
agent, water will sometimes cause the disintegration of bricks 
which have been made from clay containing small lumps of challf 
that have not been comminuted before the burning of the brick. 
The. quicklime produced by the burning of these lumps expands 
in slaking, and splits off portions of the brick. Wlien the chalk 
is thoroughly crushed and mixed it is harmless, as on burning, 
stable acid silicates of lime are formed, which do not expand by 
slaking on exposure to water. Carbon dioxide, sufphurous acid, 
and sulphuric acid have but little effect on diy structural materials, 
but are actively corrosive in the presence of water. It follows 
that all important parts of buildings should be protected from 
'moisture, or well drained. Sandstone and brick, being acid 
materials, are not much attacked by these acid gases. Cahiareous 
stones, on tlie other hand, being basic in character, are much 
corroded. The attack of calcareous stones is particularly severe 
in towns, where the air is laden not only with carbon dioxide, 
but also with sulphurous and sulphuric, acids from the com])ustion 
oFfuel, coal always containing sulphur (vj.). The action of CO., 
on calcareous stones is due to the solubility of the earthy car- 
bonates-— CaCO.. and MgCO.. — in water containing CO,. 
The activity of such strongly acid substances as SO., and SO 5 
needs no special explanation. The more porous a stone, other 
things being equal, the more readily will it be corroded. Thus 
in •the case of granite, which is almost perfectly impervious, 
corrosion is extremely slow, although the finely-divided stone is 
fairly eagily attacked. Another corroding agent is atmospheric 
• oxygen, when an oxidisablc material such as pyrites is present 
in the stone. Pyrites (particularly the fqrm known as rnarcasite) 
in stone or slate is oxidised by air and moisture to sulphates of 
iron, and causes disintegration and con*osiou. 

The ^corrosion of metals, which are completely impervious, 
necessarily proceeds whollv from without, and *is more essen- 
tially dife to oxidation than to the direct solvent action of aci^Js, 
although the latter enhance the severity of the Attack. The 
dtcay of iron, commonly known as rusting, is especially rapid 
andifar-reaching, on ^count of the fact that the oxidation of iroi^ 
is both att^ded b}’ the ^evolution of much heaj and is easily 
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Initiated (c/. the oxidation of aluminium, (j.v.), and also because 
the rust formed does not protect the rest of the iron, but rather 
increases its corrosion. It is probable that the simultaneous 
presence of water, oxygen, and an acid (generally carbonic acid) 
is necessary for the rusting of iron. In the absence of any one of 
these, but little rusting occurs. Moreover, the presence of an 
alkali, or even an alkaline carbonate,* prevents the rusting of 
iron. The rusting of iron may be viewed as taking place in two 
stages, according to the equations — 

(1) F(‘ 4 HoO -f C().> - FeCO., H., 

(2) 2FeCO.; 4 3H.,0 f O - Fo.^OH),. + 2C0,. 

Taking this view of the change, it is apparent that a small amount 
of Cdo may be instrumental in rusting an indefinitely large 
amount of iron. The elimination of hydrogen in the first stage 
of the reaction causes the removal of carbon (as hydrocarbons) 
from iron containing that element-f It has been shown that 
rust is not pure hydrated ferric oxide, but contains hydrated 
ferrous oxide, the two being at least partially present as hydrated 
ferroso-ferric oxide, which accounts for the fact that common rust 
is attracted by a magnet. This inteimediate state of oxidation 
may arise from the action of hydrated ferric oxide on iron, yielding- 
hydra ted ferrous oxide. This latter may in turn oxidise and 
act upon the remaining iron, the hydrated ferrous oxide serving 
in fact as a carrier of oxygen from the air to the iron. The 
rate of rusting of grey cast iron is generally slower than thc,t 
of wrought iron or ingot iron. These two forms of the metal 
corrode the more rapidly with rising content of carbon, a general- 
isation which extends to cast steel and white cast iron containing 
much combined carbon. 

Rust will generally contain its constituents m proportions 
exemplified below : — c 


Moisture, .... 




IVr cent. 

11-77 

Siliceous matter. 




3-3.1 

FeoOa, .... 




CO '82 

FeO, 




3-99 

CaO, 




0-76 

MgO, ..... 




. Trace. 

CuO, 




Trace. 

Combined H 2 O and loss, . 




13'fl3 ^ 


* In certain cases, however, it is found that ammonium carbonate will 
induce rusting. ‘ ^ 

t Dunatan and others have recently put forward the view that the presence 
■of oxygen and liquid water only is necessary for the rusting of iron ; th^ 
<,'Hrbon dioxide plays little, if any, role ; and th&\ hydrogen peroxide is 
probably always fprmcd as an intermediate product. , * 
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RustiDg is- increased by galvanic action set up by contact of 
the iron with a metal electro-negative to it — ca/., copper or tin. 
Thus, tin plate rusts more rapidly than unprotected plate at 
any spot from which the tin has been removeeb the surrounding 
tin forming a galvanic couple with the exposed iron. Th^ cor- 
rosion of iron railings, set at their foot in lead, whicli takes place 
very locally just above the point of contact of the two metals, is 
due largely to galvanic action. The same applies to iron pro- 
tected by a film of copper rolled on or electrolytic ally deposited ; 
the protection is satisfactory only as long as the (‘oating is per- 
fect. With zinced iron, on the other hand, slight imperfection 
of the coating are of less importance, as the zinc is electro-positive 
to iron and is the attacked metal of the couple, the exposed iron 
being protected at the expense of the zinc, 'hhis protection, 
though useful when the zinced iron is uniformly wetted, is not 
necessarily effective when the metal is only sjTi’inkled with 
moisture, as a given spot of water may be exclusively in contact 
with the iron, and thus no couple may be formed. Zinced iron 
is not very resistant to salt water and sea. air, the. zinc being 
rapidly stripped by the action of chlorides, and the iron exposed. 
•Two pieces of iron of different kinds may also form a galvanic 
couple, and increase the rate of rusting. Iron of all sorts is far 
from perfectly homogeneous, and this want of uniformity may 
lead to local rusting without contact with any other metal. 

• Thus, wrought iron often contains slag unevenly distributed, 
ini the loose porous places caused by the presence of the slag 
are good starting points for ‘‘ pitting.'' Ingot iron may contain 
manganese disposed irregularly, and pitting may result from 
this circumstance. 

This kind of .corrosion is illustrated by the attack of propeller 
shafts at the point where they project from their brass sheathing ; 
thi^ has been found so serious as to necessitate special methods 
of protection. (The corrosion of iron is also discussed in Chap, 
hi., p. 14J-) 

^ Copper is less easily oxidised than iron. When exposed, 
how^ever, to moist ah', it is attacked, with the formation of basic 
carbonate of copper, a bluish-green film being formed. On 
account of the readiness with which copper is attacked by cupric 
salts — the^cuprous salts formed serving as oxygen carriens — 
progreslive corrosion is to be expected. The pre^nce of an acid 
gas enhdhces th^ corrosion and particularly increased its pro- 
gressfre character. If the acid gas be HCl, or if the copper be 
exposed to a solution of salt (in the presence of air), the corrosion 
is c^sed by the formation of an oxychloride instead of a basic^ 
iurbonate. Although attacked by sea water, copper is« less 
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rapidly corroded by this agent than is iron, and on this a<icount 
has been used for sheathing ships. The copper salts formed, 
moreover, constitute by their poisonous action a certain protection 
against fouling by marine growths. Copper for vessels for con- 
taining or conveying articles of food or drink are thickly tinned, 
on the inside, the melted tin being wiped upon the cleaned surface 
of the copper in the presence of a flux, as in soldering. Where 
strength and resistance to accidental overheating are not essential 
pure tin may be substituted for tinned copper with advantage. 
^Jilvered copper and pure silver are also used in special cases — 
in the worms of acetic acid stills. The behaviour of most 
copper alloys — e.g., brass — in respect of corrosion is similar to 
that of copper, but copper-tin alloys, as, for instance, bronze 
and gun- metal are less easily attacked than copper itself. In 
the case of Muntz metal, the zinc is very slowly dissolved out by 
electrolytic action, leaving a skeleton of copper behind. Statuary 
and ornamental bronze gradually acquires by exposure a pro- 
tective film, ranging in colour from green to nearly black, which 
is termed a “ patina,'’ and improves the appearance of the metal. 
An artificial patina may be produced by slightly corroding the 
surface of copper and its alloys by such saline solutions as am- c 
monium chloride in conjunction with copper salts. Treatment 
of this kind comes under the general head of metal colouring ; 
for details, special manuals must be consulted. 

Copper aluminium alloys (aluminium bronzes) are remarkable ♦ 
for their resistance to corrosion, and on this account are used fpr 
ships' fittings, propeller blades, and filter press plates, where 
their cost is not excessive. The fact that aluminium alloys with 
copper with the occurrence of an exothermic reaction, doubtless 
contributes to the stability of the alloy. 

Zinc oxidises superficially in moist air, but the coating of zinc 
oxide or basic carbonate produced affords sufficient protectjion 
for the underlying metal. When acid gases are present in the 
air, or when the metal is in contact with solutions of chlorides, 
the film dissolves and corrosion proceeds. Contact *\vith an^ 
electro-negative metal or the solution of a salt of one — e.g.^ copper 
— is particularly fatal t*o zinc, as a couple is formed, and then 
corrosion proceeds at a rate to be expected from the oxidisable 
character of zinc. Pure zinc is very difficult of attj^k ; com- 
mercial zinc, containing lead, is more readily corroded, it has 
within it 'the elements of a couple. Zinc, wheif used in Che form 
of the coating on zinced iron, for pipes and cisterns, resistj^ the 
action of calcareous, slightly alkaline waters well, a coa\.ing ^o£ 
^))asic carbonate protecting the metal. Seft waters contai^iing 
tracea of organic acids and nitrates (which suft'er ^reduction tt ' 
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iinimonia), however, attack zinc appreciably, and zinced pipes 
are unsuited for their conveyance, the more so as any exposed 
iron forms a couple with the zinc and increases its rate of cor- 
rosion. Zinc salts being somewhat toxic, their presence in 
drinking water is objectionable. It has been found that zinc is 
sometimes attacked when in contact with cement, mortar, or 
brick. In the case of the first two, corrosion appears to be due 
to the alkaline substances present, zinc being soluble in alkalies ; 
the latter acts by the presence in it of soluble salts, notably 
chlorides. 

Lead oxidises with great ease when exposed to air, but tlie 
oxidation is exceedingly superficial, and the film is protective. 
The case is quite otherwise when carbonic acid is abundant and 
an organic acid present, a crust of basic lead carbonate being 
formed by an action similar to that taking place in the manufac- 
ture of white lead by the Dutch process {q.v., Vol. II?). Complete 
conversion of the original lead into crude white lead may thus 
occur. On account of the cumulative toxic- effect of lead, its 
presence in drinking water is very objectionable. Soft waters, 
especially if containing traces of organic acid — c.r/., inoorhind 
peat waters — dissolve the lead oxide first formed, and leave the 
metal exposed for further attack. Slightly alkaline calcareous 
waters have no l orrosive effect. The solvent effect is increased 
or decreased by pressure (such as obtains in water mains), accord- 
•ing to tlie character of the wa.ter ; direct experiment is, therefore, 
)e<;#ssary to decide the behaviour of any given sample. It will 
be seen that it is hardly possible to lay down rules for the guid- 
ance of the water engineer, who is thus ultimately dependent, 
as in most similar cases, on the aid of the chemist. 

The charactGir of the corrosion of aluminium is dealt with 
under the description of the metal itself (see Metallunjy), It 
ma}! be said here that aluminium has been found, when pure, 
to resist the corrosion of most articles of food and drink. The 
feebleness ^of the toxic action of aluminium salts makes the small 
quantity of the metal taken into solution of no practicul import- 
ance. 

Nickel is more difficultly oxidisable than any of the foregoing 
metals. It tarnishes in moist air, but the attack is purely super- 
ficial. It ijpsists the joint action of salt water and air better 
than do most common metals. Weak acids attack it with 
moderate ^ase, buff it is used for cooking vessels to somi? extent. 
Its alfoy with iron (75 per cent. Fe, 25 per cent. Ni), thouglT 
moje readily corroded than nickel, is still very resistant, and 
may Replace brass, copper, and plated goods for many minor ^ 
p.:jrposes, the more so as it can be stamped and spun. As 4 vill 
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be seen from tlie following table, due to Prof. Howe,* nickel steel 
(containing about 3 per cent, of nickel) is more resistant than 
either wrought iron or mild steel. The specimens were exposed 
for one year, and the corrosion of the wrought iron is in each 
case t^iken as 100 : — 


Material. 

Sea Water. 

I’'resli 

Water. 

Weather. 

Average.- 

Wrought iron, . 

100 

loo 

100 

100 

Soft steel, 

114 

04 

103 

1 J03 

Nickel steel (3 per cent.), . 
Nickel iron alloy (26 [)er cent.) 

1 .S3 

SO 

67 

' 77 , 


32 

30 

1 31 


Timber is shbject to deterioration by reason of the mechanical 
efiects of ordinary wear and tear, conditions of climate, and from 
the action of insects, such as ants and worms. More important, 
however, is the decay of wood due to the growth of bacteria and 
fungi. These bring about changes in the wood substance itself 
by producing certain complex chemical substances known as fer-' 
rnents, which decompose the cellulose and lignin forming the 
wood cells. The fungoid growth depends upon the presence of 
inoisture, warmth, and air, and, moreover, is much more rapid 
in sapwood, the cells of which contain fermentable substances, < 
than in heartwood. 

METHODS FOR THE PRESERVATION OF STRUCTURAL 
MATERIALS. — The preservation of stone and brick may be 
effected by making them non-porous, and for this, various means 
may be used. Glazing is occasionally practised for bricks and 
tiles used for indoor work ; the objections to it for outdoor work 
have been stated under tiles (p. 30). By the application of a 
fatty or oily varnish which will soak into the stone (or 'brick) 
the surface may be rendered non-porous, but since most materials 
of this nature are far less durable than the stone itself, repetj,- 
tion of the process at intervals of a few^ years is necessary. Var- 
nishes of this kind include drying oils, paraffin wax applied hot 
or in solution in coal-tar naphtha, and soft soap followed by 
an aluminium salt in order to precipitate the aluminium salts of 
the fatty acids of the soap in the pores of the stone. These 
paaterial’s, however, deteriorate the appearant’e of the'fetone. A 
preservative of a different order is silicate of soda a^pfied to 
calcareous stones (calcium silicate and sodium carbonate bping 
produced). The successive treatment of Sandstones with ^.licate 
of 4oda and calcium or barium chloride is also practised (calcium 
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■ or ba.riuni and sodium chloride being formed) ; in this 

ease the stone is treated with silicate of soda, allowed to dry, 
and then saturated with the alkaline earth chloride. A similar 
preseivative material is obtained by the successive use of Jiydro- 
fluosilicic a< id and baryia. insoluble barium tliiosilicale being 
deposit(‘d. 'riii* last-mentioned process has the advantage that 
no soluble salt, is formed iu the stone, and thus efflorescence is 
avoidiMl. Tile only procc'ss of protecting stone which is largely 
used is ilu' application of ordinary paint. With regard to tL€ 
use of any preservative c<Kiiing which renders the stone or brick 
impervious, it may b(‘ said that ordinary structures of porous 
uun-cal()d material, though absorbing moisture readily, allow 
its c'grcvss to tak(‘ place* cMpially readily, and offer no hindrance 
to transfusion of air throiigli their walls. A building with 
impeivious walls, although exehiding damp rfrorn without, 
inc-ludes internal damp, and allows no ventilation other than 
through (b'linil(^ ()[)(‘ulngs (windows, See.) to take place. 

Iron IS the chief metal for the protection of which special pre- 
servative coatings an* in use. Zincing for effecting this purpose 
has already been (l(‘.s( ribed. As it cannot be lenewed in situ 
it i.s not used for [)eiTnanent non-portable structures. A method 
of protecting. ;t;-l at tin* same time ornamenting, iron, largely 
used foi’ sign-boards a.n<l cooking vessels, consists in enamelling 
it."^ The details of the process are for the most part kept as a 
tn^de secret, but its principle is very simple. A preliminary 
glaze is given to tln‘ ij’oii by fusing an appropriate frit (see Pottery , 
Vol. IJ.) on it in a mullle, and the metal is then coated with a 
s(;cond layei* of moi*c fusibhj glaze by a further similar treatment. 
The object of the lirst glaz(‘ is to provide a film intermediate in 
respect of its coellicient of expansion between the iron and the 
exterior glaze. 

Moreover, the sta,iinic oxide which i.s always pre.sent iu the 
second layer would be reduced by the carbon contained in the 
iron at tL^ temperature of the muffle, and cause the development 
^of blisters. The first layer or '' ground enamel is essentially 
an easily fusible substance containing de^nite amounts of borax 
with cobalt or nickel oxide and a little limonite (hydi*atcd ferric 
oxide), the proportions of wdiich determine its coefiicient of expan ^ 
sion, fci order to produce a sufficiently fusible glaze, lead t)xide 
was forrr^rly an aimost invariable constituent of both gkzes, and 
is stiil used largely by makers of cheap enamel ware. From •a 
: hygietii : standpoint this is objectionable in the case of glazed 
oooking vessels, besidcj^ being a source of danger to the workmen 

• * Ae processes will be found fuUy described in Enamelliny on Iron aiid 
by Juliu^*Gruiiwald, London, 1910. 
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employed. Moreover, an enamel containing lead is found to be 
somewhat unstable when exposed to the weather. In recent 
years an important advance has been made in the gradual but 
successful supplanting of lead glazes by harmless, inexpensive, 
and mbre durable enamels, especially in countries such as Germany 
and Austria-Hungary, in which the use of lead (and antimony) 
compounds is forbidden. Enamel is merely a coating of glass 
containing an ingredient such as stannic oxide, bone ash, or 
4itanic acid (TiO^) to render it opaque. Various metallic oxides 
may be added to impart colour, but white is the most common 
variety of enamel used. The ingredients of the enamel, having 
been ground and mixed, are completely vitrefied in a reverberatory 
furnace, and then granulated in water. The enamel is then 
ground with water, with the addition of stannic oxide for 
developing a good white colour in the enamel, and clay whicih 
has the capacity of holding the enamel in a state of suspension 
and prevents it from “ settling.^^ In some cases certain other 
ingredients are added during the grinding process, such as cal- 
cined magnesia and ammonium carbonate, which serve as 
vehi(des to stiffen the enamel, and various coloured oxides. 
The nature of these enamels may be judged from the following ' 
formuho : — 


(•round EinvnK*!. 


White Enamel. 

Addition on Grjndi,ng. 

Borax {Na. 2 B 407 . JOH.,0) . 


Borax. . = 40 *.3 


Felspar (tiSiO., . K,.0) 

= .30-7 

Felspar . = 80 0 


Quartz (8i0o) 

= 17*2 

8o(la . . = 2-0 

( Stannic oxide, 7 % 

Soda{Na2C0,) . 

= 4-6 

Cryolite . =18*0 

Clay, . . 7 % 

Fluorspar (CaF.j) 

= 4 0 

Saltpetre . = 2 0 

t Magnesia, . 0'8 % 

Saltpetre (NaNOjj) . 

= 8 0 

Clay . , = 1-6 


Cobalt oxide (CooO;-) . 

= 0-2 

Staiiidc oxide = 1 ’8 


Limonite (‘2FeoO;} . HH.jO) . 

= 0-7 

Magnesia . = O'l 




Fluorspar . = 01 



100-0 

100-0 

1 


The iron to be enamelled is prepared by annealing, pickling, 
scouring, and washing. It is then coated with the enamel, 
carefully, dried ‘'in ovens, and fired in a muffle furnace. For the 
fif^st layer a temperature of 950°-l,000° C. used, 'while for 
subsequent layers a somewhat lower temperature (8OO°-850° C.) 
is usual. The time of firing is about four minutes. The common 
’’ method of decorating enamel ware is By means of trai;isfers 
prin^-ed with^ ink made with fusible oxides. Tl\e transfer iK 
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iittiiclied to tlie enamel surface, and the oimamentatioii fixed 
l^y firing. 

Another method, in M hich the protective coating is made from 
the iron itself, is tliat known as the Bower Barff proems. In 
this the goods are heated in a muffle to about 538"" C. = ],o0(3° F., 
and steam, superlieated to about the same temperature, is 
admitted into the muffle. The iron decomposes the steam, 
becoming coated with black ferroso-ferric oxide, 'khe deptli of 
this coating is regulated by the length of the process, and in nif 
be as much as in. The protection is good as long as the 
coating is intact ; it is stated that wlien the ferroso-ferrit*- oxide 
is chipped off, tlie rusting of the iron exposed is more ra])id than 
that of untreated iron. A metliod adapted for imparting a similar 
coating to aitieles of moderate size consists in imrma’sion of the 
polished goods in a bath of melted nitre containwig a little man- 
ganese oxide, and maintained at a temperature of 050'' F. = 

C. After cooling, the adhering nitre is dissolved off and 
the article plunged into a sperm oil bath. In anothei process 
for superficially oxidising iron to form a protective coating, the 
article is immersed in water and made the anode of Jtn electric 
circuit, a film of ferroso-ferric oxide being formed, 'khe Coslet 
process is said ro consist in immersing the iro]i in a hot phos- 
phorised solution containing an iron compound. The surface, it 
is claimed, is converted into a ferroso-ferric phospliate, which is 
t^ some extent resistant to corrosion. ^ 

None of the foregoing processes is adapted fur the protection 
of structural materials when in place. For the jm'servation of 
structures already erected paint alone is available. The paint 
most generally in use for iron structures (bridges) is a red oxide 
paint consisting essentially of Fe.jO., (see Paints, Vol. II. ). The 
<|uality of the feiTic*. oxide used for making this paint is of much 
moment, some being perfectly unsuitable from the presence 
in it of basic ferae sulphate, which tends to corrode the iron 
to whi^h the paint is applied. Red lead paint {ip])eais to be 
the best for iron work. It should be free from metallic lead 
(often present), wliich is liable to cause galvanic corrosion. The 
surface of the metal should be scraped scrupulously clean and 
free from scale, and a ( oat of boiled linseed oil applied before the 
painting proper is performed. A method cvf protectmg iron 
water ijhpes, ^\Jlich is ek’ectivc when carefully carri»iil out, (on- 
'©isjs in the application of Angus Smith's composition. •I’he 
pipej are cleaned from .scale, heated to 7U0' F. = 37 F' C., and 
dipped into a mixture ut coal tar, pitch, and a little linseed oil 
(anout 5 per cent.), and sometimes rosin, wliich is he^ited 
<about 30^''' F. = 1 The pipes are dtpped vertically, 
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allowed to remain for some minutes in the bath, and then per- 
mitted to cool and drain in a vertical position. Glass-lined iron 
pipes are also made for conveyinjj; corro.sive liquids and gases. 
The}^ arc prepared by cementing glass tubes into iron pipes of 
slighth*' larger diameter, bends and T pieces being blown on to 
the main pipe precisely as in ordinary chemical glass blowing. 

Anti-fouling compositions arc largely used for protecting 
the bottoms of steel ships from the growth of marine animals 
and plants upon them. The problem of preventing the growth 
of marine life on the hull of a ship has been attacked from two 
points of view — -(1) compositions have been applied which have 
for their objec.t the prevention of the adhesion of barnacles 
and seaweed by affording an unstable foothold for these organ- 
isms. Thus a paint made of zinc oxide (white zinc) and tallow 
fulfils this condition. It is applied as a second coat aftei- a 
preliminary coat of paint — c.f/., red or white lead. This material 
causes the growths to slip off when they have attained a certain 
age. For vessels of high speed such a paint is Uvseless, as it is 
rapidly washed off ; the second method has, therefore, to be 
employed. (2) Compositions (-ontaining a substance inimical 
to marine life are also in use. An example is furnished by a 
preparation containing mercuric oxide suspended in a slit'lhn?. 
varnish containing crude turpentine or Stockholm tar. The 
varnish is soft enough to be slowly eroded, and thus to expose 
the mercuric oxide, which serves to poison any organism liiidin^ 

’ a temporary foothold. The use of a mixture of finely-divideci 
zinc and mercuric oxide, made into a soft varnish, has also been 
suggested. It is claimed that this composition is effective by 
reason of the fact that when the mercuric oxide dissolves, mer- 
cury is deposited on the zinc, and when the zinc dissolves mercury 
is left in the varnish, and dissolves more slowly than mercTiric 
oxide. A method lor protecting iron, more particularly used 
for boilers (v.?*.), consists in attaching to tin*, metal, plates of 
a substance electropositive thereto — c.f/., zine, the proce: s being 
equivalent to local galvanising. It is obvious that tliis process 
is only effective when the whole of the surface to be protected 
is immersed as in the case of a boiler : the attack is then con- 
fined to the electropositive metal — cjj., the zinc. The same 
system dias been applied to the protection of copper dye baths, 
the corrosiqn of which is objectionable on account of the effect 
of t'^ie traces of copper upon the colour of the contents of ^lie 
vat. 

Ornamental iron goods arc often plated electrolytically witlt 
nickel.' As nickel is electronegative to iron the coating is ohly 
effecti'^e as lou'g as it is intact ; when injured it enhances. 
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coiTosion instead of preventing it. The same is true of plating 
with copper on iron. 

No other metal is at once so freely exposed and so corrodible 
as iron, and special methods of protection are, therefore, ^rarely 
used for copper and its alloys, or for lead, zinc, etc. When plating 
with copper, nickel, silver, or gold is adopted, it is rather for 
ornament than for protection. 

The preservation of timber depends largely on the protection 
of the wood from moisture which favours the growth of the lov.*'" 
organisms concerned in its destruction. To this end the wood 
should be well ventilated, and, it is said, kept from contact with 
mortar. Timber must not be used before the sap is dried out of 
it, since this contains easily fermentable substances. The sap 
can be replaced by a preservative — e.j/., coal-tar creosote, wood 
creosote, zinc chloride, mercuric chloride, or copper sulphate. 
Such treatment becomes necessary when the wood is to be used 
in wet situations or under water. The most direct method for 
the preservation of wood consists in applying a pump to the 
butt end of the fresh ly-felled tree and injecting zim‘ chloride 
solution of specific gravity 1*01, the sap being driven to the 
smaller end of the tree and gradually extruded. (The same 
process may bo adapted so as to colour tirnbeu* ; a tnn' may be 
coloured brown by the injection of weak sulphuric, acifl, or maho- 
gany red by nitric acid.) A larger proportion of zinc chloride 
rejaaains in the butt end than in the distal end, and thus tlie 
preservative effect is somewhat irregular ; the chief merit of tlie 
process consists in the ease with which timber can be treated at 
the spot where it has grown, without transport being requisite. 
Zinc chloride is also used in the same manner as creosote, the 
application of which is described below ; the solution of zinc 
chloride thus employed is known commercially as Burnett’s fluid* 
Mercuric chloride may be substituted for zinc chloride, its appli- 
cation being known as kyanising. Copper sulphate, forced into 
^ the wooS by leading a solution of the salt from an elevated 
reservoir by means of a pipe which is inserted into the log, is 
also used, the method being known* as Boucherie’s process. 
Creosoting is most largely used for preserving timber, especially 
railway f;leepers. Coal-tar creosote (see Voal-lar, Vol. II.) is 
generally used in this country, the grade lequised being U dark 
mobile lily liquid of specific gravity 1*035 to 1*055 audf*ontaining 
aboftt 5 to 15 per cent, of tar acids (phenol and its homologufs), 
a,Qdaoout 40 per cent, of naphthalene. There is no agreement 
as which compounds are to be considered as specifically im- 
• port^int in increasing the preservative action of creosote.* 'Jdie 
more volafile portions ihould be reduced as far as possible 
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consi^^^nt with obtaining an oil sufficiently fluid at all working 
temperatures to obtain a thorough and equal penetration 
throughout the wood cells. Its efficiency largely arises from 
the iict that it serves to fill the pores of the wood with 
an insoluble inert oil which prevents the entrance of water 
and the growth of organisms. Creosoting is conducted by 
introducing the well-seasoned timber into steel cylinders 
^about 36 feet long and 6 to 7 feet in diameter. The air 
IS then exhausted fi*om the cylinder until a pressure of about 
2 lbs. per square inch remains. The creosote oil is heated 
to 50"" 0. = 122" F., run into the cylinder, and forced into the 
wood by a pressure of 120 to 150 lbs. per square inch. ‘The 
pressure is maintained for several hours, the timber, if pine, 
absorbing about 12 lbs. of oil per cubic foot of wood. Large 
pieces of wodd often show a core free from oil, as uniform 
impregnation is difficult. In America, where but little coal is 
carbonised and wood is cheap, wood creosote has been success- 
fully used for the preservation of piles exposed to the attack of 
the teredo. The character of the oil used may be gathered from 
the products said to be yielded on distillation, as shown by the 
following analysis : — 


Water, 2 79 

Neutral oil, i.S lG 

Crude creosote (wood-tar acids), . . . 17 (X) 

Heavy oil, ...... 20-55 

Paraffin wax, 25-97 

Coke, 5-78 

Uncondensed. ..... 8-75 


100-00 


The foregoing methods are analogous in principle to the im- 
pregnation of stone with preservative solutions (p. 50). Other 
methods of preserving wood consist in applying a superficial 
protective coating. It is important that this should not be done 
until the wood is well seasoned, since if moisture be prevented ’ 
from escaping the wood will rot. (“ Dry rot ” is due to the 
action of a fungus.) Coatings of this kind include paints and 
tar (coal or M^ood, the latter being more effective). Another 
methotl adopted for wood — which is comparable in*^ pVinciple 
with the •Bower-Barff process, inasmuch as the- matericT to be 
preserved itself furnishes the preservative coating — consisfs in 
superficial charring. This is chiefly used for preserving posf-s 
and stakes to be inserted in moist soil. , 

Wqod is rendered flre-proof by filling its pores with a mineral, 
substance, the ^process being carried out in much the same way 
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\ -as creosotmg A large number of different solutions are 

used for this purpose. Most of them ( ontain an alkali silicate 
from which silica is often precipitated by treatment with a 
second liquid — c.y., ammonium chloride solution. Ui anium and 
tungsten salts are also used for fire-proofing. It should be said 
that in most cases the treatment oidy prevents the wood from 
breaking into flame when heated to its ignition point, but does not 
prevent it from smouldering away (juietly. Many of the chemicals 
used for fire-proofing are hygroscopic, and consequently hastem 
the rotting of wood impregnated with them. 
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CHAPTER 11. 

THE CHEMISTRY OF THE SOURCES OF ENERGY. 

Every form of crierg}' on this planet can be traced to one of 
three sources. These are (1) the heat of the sun, (2) the rotation 
of the earth, (3) the internal heat of the earth. 

The first is at present by far the most important. The kinetic 
cnerg}’ pouring from the sun as heat and light can be with diffi- 
culty industrially utilised directly, but as the ultimate source 
of waterpower is of great and increasing importance. The 
energy whicli has been derived from the sun and become potential 
in the form of fuel is readily utilised, and has been hitherto the c 
only practicable source of energy for industrial purposes. The 
second is of minor importance, being represented only by the 
energy manifested by the rise and fall of the tide ; no successful 
attempt has hitherto been made for its utilisation. That the , 
third undoubtedly exists as a source of energy is proved by 
occurrence of volcanic phenomena ; its utilisation belongs to 
the future. 

Potential energy in the form of stored heat from the sun will, 
therefore, be chiefly considered in the ensuing pages ; the other 
and minor sources of energv Avill be dealt with subsequently. 

Fuel may be defined as any substance capable of exothermic 
oxidation with sufficient rapidity to leave an available balance of 
energy after the leakages of energy surrounding the point of 
combustion (e.cj., radiation, convection, and conductfon) have 
been supplied. It is obvious that cceteris paribus the available 
balance will be larger the more concentrated the fuel — f.e., the 
smaller the quantity of matter it contains which, on the one 
hand, is incapable of contributing to its exothermic oxidation, 
and, on the other, augments the loss by leakage. FroiA’ this it 
follows tlmt for two equal weights of the same oxidisable esnaterial, 
t\% fuel which contains, in addition to the oxidisable matpial, 
the smaller quantity of inert matter will tend to give a’highpr 
thermal efficiency ; for the larger weight cud bulk of the more 
^mpufe fuel will lead to larger leakage by conduction, convection^;' 
and radiation.* By far the greater patt of the fucl^ industrially 
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used consists of (*a.rl)on ; elements whose combustion is also used 
in minor decree are hydrogen (chiefly in union with carbon, but 
also in the free state), sulphur, as native sulphur (Vol. II.), and 
as ;|jyrites (c/. concentration of vitriol in the Glover tower, Vol. 
11. j, and silicon, phosphorus, and manganese in the Bessemer 
converter (see Imjot Iron under Metallurgy). See Table, p. 59, 
for the chief kinds of fuel. 

A. SOLID FUEL. — COAL. — Many varieties of carbonaceous 
matter, known generically as coal, are used as fuel. Of these 
coals, (considered as distinct from brown coals and lignites, the 
foregoing groups may be distinguished, according to Griiner^s 
classification which is based upon the technical use (jTi the 
coals. 

The different qualities which are found have no clear line of 
demarcation, between them, so that their classification, as will be 
seen from the table, is necessarily somewhat arbitrary. 

The figures tabulated above are for ideal coals, free from 
sulphur, ash, water, and nitrogen, which are (-onstituents of all 
actual (toals, and rauge from 1 to 30 per cent, for ash, 0*5 to 2 per 
cent, for sulphur, OT to 9 per cent, for water, and 0*2 to 2 pey 
cent, for nitrogen. Many coals also contain a small quantity of 
arsenic, whilst phosphorus is occasionally present. A good coal 
will not contain much more than 5 per cent, of ash, 1 per cent, of 
sulphur, 2 per cent, of water, and 1 per cent, of nitrogen. Besides 
the above ordinary varieties of coal, two kinds need special 
mention. True anthracite is distinguished from anthracitic coals 
by containing a still higher percentage of carbon and a still 
smaller percentage of oxygen and hydrogen. In appearance it 
is deep black, but it does not stain the fingers in the manner 
characteristic of bituminous coal. Its fracture is conchoidal, and 
its specific gravity may be as high as 1*7. It burns with a very 
short flame, and shows no tendency to sinter in the fire, but often 
decrepitates in the act of burning. Seeing that the amount of 
flame with wliich a given coal burns increases with the- content of 
hydrogen, and that the larger the flame produced the more easily 
a coal is kindled, it follows that anthracite is nearly flameless 
and is also difficult to ignite, a circumstance militating against 
its domestic use. The second kind of coal needing special de- 
scription is C^nnel, which is distinguished by a largfe oontent of 
hydrogen over and above that corresponding ^^vith the^oxygen in 
S.he ratio li.j : 0 (t’.^.), and, therefore, available for gas production 
(see Destructive distillation, Vol. II.). Analyses of these two 
extremes of the whole series of coals are follows : — 



SOLID FUEL. 


61 



C. 

H. 

0. 

N. 

s. 

! Ash. 

j 

Water. 



p.c. 

1>.C. 


p.o. 

1 

p.c. 

Swansea anthracite, 

90 -oS 

3-60 : 

3 Sl I 

0-29 

()•! 

1 1-72 


Boghead cannel, 

65 3 

91 i 

n.., J 

0-7 

j 18-6 

%>r) 


The total amount of heat that can be produced by the com- 
bustion of a given weight of coal can be ascertained either by 
calculation from the composition of the coal or by direct experi- 
ment. On account of incomplete knowledge of the conditions in 
which the constituents of coal exist, the cakailated calorific value 
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of a steel vsliell, A, lined with Avhite enamel, platinum, or gold, 
and having a c apacity of 650 c.c. ; a cover provided with a lead 
washer, screws on to the body of the shell. A weighed quantity 
of fuel — 1 gramme — is placed in a capsule, B, and oxygen 
is aumitted from a cylinder of the compressed gas through the 
tube, E, made of nickel-iron (pp. 28 and 50), and serving as a 
screw-valve, until tlie pressure, as shown by a gauge, is 20 to 
25 atmospheres. The valve is then closed, the shell immersed 
- in the calorimeter, and the fuel ignited by means of an electric 
current traversing a fine iron wire spiral which passes through 
the fuel and is attached to the two platinum rods, D, which 
support tlie capsule. The current is conveyed through the 
insulated conductor, E, which passes through the lid, the other 
electrode being attached to the shell. The rise of the tempera- 
ture of the water in the calorimeter during the exj)eriment is 
noted by means of a delicate thermometer. 

The utility of a coal depends not only on its calorific, value, 
but on its character in respect of its (.‘ontent of bituminous gas- 
yielding matter, and of the nature of the coke formed by its 
partial combustion or destructive distillation. The progress of,, 
combustion of a coal in an ordinary furnace involves the destruc- 
tive distillation of a portion of it, whereby gases are evolved 
which determine the nature of the flame produced. Judgment 
of the properties of a given coal in this respect is based on the 
figures yielded by its proximate analysis, which is effected by 
heating a weighed quantity of the coal in a covered crucible under 
standard conditions, and estimating the fixed carbonaceous 
matter, plus the ash, as coke. (The yield of coke by different 
kinds of coal has been given in the tabular classification of coals 
— p. 59), The ash is also determined, and the difference between 
this and the coke constitutes the fixed carbonaceous matter. 

It may be broadly stated that coal is used for steam-raising, 
household fires, gas-making, and metallurgical operations. For 
the first of these uses a hard “ steam coal of a semi-anthracitic 
^ kind is most esteemed, as it has a high calorific value, produces' 
little ash and clinker, and does not smoke. For household fires 
a more freely burning and more bituminous coal is requisite ; one 
which cakes is economical, as the fire can be readily damped down. 
For gas-making, bituminous coals with a fair content of hj/drogen 
are requisite (see Destructive distillation, Yol. JI.) ; the quality 
o{^the coke formed is of minor importance. For metallurgical 
use much coal is coked (see Destructive distillation), and for this 
purpose caking bituminous coal is generally preferred. Both 
' flaming and anthracitic coals are used, according to the nature 
of tlie work to be done. With regi rd to the commo-- impurities 
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of coal, it w^dj be said that ash should be present to a miiiimuu 
extent, as the grate is blocked and impeded by the dust am 
clinker produced by a fuel rich in ash, whicli, moreover, causes ; 
small waste of heat in being raised to a liigh temperature duriii! 
combustion and being removed from the grate before it hasffive] 
up this heat. Sulphur also is objectionable' on account of th 
contamination of the surrounding air by chimney gases containin 
the sulphur of the coal in the form of sulphurous and siilphuri 
acids. Water is objectionable, as it lias to be evaporated, in 
volving the useless expenditure of heat. Nitrogen is not of muc 
detriment in coal, as the waste of heat occasioned by raising it 
temperature is not vserious (as it is always present in only sma 
proportion). In gas coals it has a (ertain commercial value, i 
that a portion of it is recovered as ammonia, (sia* Drstwctii 
distillaiion). Attempts have been madi' to recover the nitroge 
in a useful form from the coal burned in ordinary* furnaces, bn 
success has only been achieved hitherto in the case of bln 
furnaces and certain forms of producers. Coal sufl’ers diminutio 
of its calorific value by exposure to air and moisture {vralhcrmj 
This alteration is due to oxidation, and is accompanied by a gai 
of weight, which in extreme cases may amount to a.s much ; 

4 per cent. Pyrites, which is constantly naturally present i 
coal, also suffers oxidation to some extent, but is not as fruitfi 
a cause of spontaneous ignition as has been supposed, this phem 
menon being due to the oxidation of the less stable carbonaceoi 
coi«tituents of the coal. Such spontaneous ignition takes plai 
more readily when the coal is crushed and exposed to a wan 
atmosphere, as in the bunkers of a steamship. 44ie (juality ( 
coal may be improved by systematic washing ; the coal is tin 
graduated in ^size, and, by taking advantage of the dilTerence i 
specific gravity between coal on the one hand and shale at 
jiyrites on the other, a diminution of ash content is also effecte 
the sulphur (due to the pyrites) being correspondingly reduced 
amount. The general mechanical arrangements of apparatus f 
^COal- washing are identical in principle with those used for sizii 
and concentrating ores (see Gold). 

COKE is carbonised coal containing the whole of the asli of t. 
original coal and the greater part of the carbon,, but comparative 
small jynounts of H, 0, S, and N. Two classes of coke may 
broadly distinguished. The first is that which Vs manufactur 
by processes of \^hich the coke is the main product, ancf the otjj 
substances formed by the destructive distillation of the coal a 
tile bye-products. It is made in coke ovens for metallurgic 
consumption ; its niAiufactme is treated of in the section dealings 
•with destnjptive distillationg^.v,, Vol. II.). The second cI^bs of 
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coke is that obtained as a bye-producd in carbonising coal for 
gas-making, where the main products are gas and tar. The 
advantages of coke over ordinary coal, as distinguished from 
anthracite, which is relatively expensive, are that it contains a 
larger percentage of carbon, and, therefore, takes up less space 
in the furnace ; that it does not cake, thus offering less resistance 
to the blast ; that it yields a higher thermal efficiency, as it 
does not give off large quantities of hot and combustible gases ; 
and that it contains less sulphur than the coal from which it is 
^ made. “ Oven coke is denser and of greater mechanical 
strength than “ gas coke,"' and is, therefore, better fitted to carry 
the burden of the blast furnace (see Iron). Moreover, oven coke 
resists the oxidising action of hot CO., better than does a coke of 
looser structure, and thus suffers less waste in the upper part of 
the blast furnace. These qualities warrant the metallurgical use 
of oven coke in spite of its greater cost ; the cost has been largely 
diminished of late years by the collection of bye-products (see 
Destructive distillation, Vol. II.). Good dry oven coke contains 
about 90 per cent. C, I to 2 per cent. H, 1 to 2 per cent. 0, 1 per 
cent. S, 1 per cent. N, and 5 per cent, of ash ; it has a calorific 
value of about 8,000 Cal. ; it generally contains 2 to 3 per cent, 
of moisture, but this amount is exceeded when it has been care- 
lessly quenched after coking. Seeing that the yield of coke is 
about 66 per cent, of the weight of the coal carbonised, the 
percentage of ash will be increased in inverse ratio. Thus a coal 
containing 5 per cent, of ash will yield a coke with 7*5 per cvit. 
For blast furnace use, the amount of ash should not exceed 5 per 
cent., and for metallurgical use generally the percentage of 
sulphur should be as low as possible — 1 per cent, or under. Not 
only is ash in coke objectionable as being valueless, but it is 
actively injurious in some instances on account of its chemical 
nature. The ash of most coals, and, therefore, that of the corre- 
sponding cokes, consists largely of silica, alumina, and ferric 
oxide — all substances capable of acting as acid oxides when 
brought into contact with powerful bases (e.r/., lime) at high^ 
temperatures ; consequently, wherever the manufacture of a 
substance such as quicfelime or hydraulic cement involves the 
admixture of the fuel with the raw material to be burned, there 
is ample opportunity for the ash of the former to combine with 
the latter, to itis detriment (see lAme and Cement, Vol. II.). As 
it.nch gas coke contains a large amount (up to* 30 per bent.) of 
ash, its chief manufacturing uses — in cement-making and^isi^ gas 
producers— is attended by considerable drawbacks ; its cheapness 
tds its main recommendation. Amopg the Smaller uses to wj\ich 
coke' is put are the heating of metab and tools, and 9f articles to*’ 
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be brazed, where the comparatively dirty flame of coal would be 
unsuitable. As coke still contains some sulphur, however, gas. 
wood or charcoal is preferable for the foregoing purposes. Thus, 
in tempering machine guns, wood is used as fuel on account of 
its freedom from sulphur. The specific gravity of coke is {|^oiu 
1*2 to 1*9, rising with increased percentage of ash, but the texture 
of the fuel is so porous that this datum is but little guide to the 
space which the coke occupies in the furnace. In any (aise. 
ample room must be provided for its adequate combustion. 
Apart from the determination of ash and sulphur, the valuation 
of coke can be made by testing it by the calorimeter in the 
manner described for coal, and then its suitability must be 
judged by its texture and mechanical strength, according to the 
use to which it is to be put. Coke, on account of its comparative 
freedom fiom sulphur, its smokelessncss, and the fact that in 
burning it neither fuses nor cakes, is used in pla<ie of coal for 
purposes in which anv or all of these properties are d(‘sirable, in 
spite of its greater cost per heat unit. 

BROWN COALS AND PEAT.— According to the age of 
the geological formation in wdii(*h coal occurs, the character of the 
products of distillation of the coal varies. The older coals have 
been so far alteccd that the original grouping of the eleaneiits in 
the parent vegetable matter, whieJi gives rise to acid [)roducts of 
distillation (see Destruciive dUtillaiion — wood and peat, Vol. II. ), 
has been modified, with the result that the products of distillation 
arc ijjkalinc from the presence of ammonia and other nitrogenous 
bases. Coals belonging to a later period have been less altered 
from the original composition of the woody matter from which 
they have been derived, and, like wood, }ield a distillate con- 
taining acetiq acid. Three classes of these later coals (brown 
coals) ma>' be distinguished : — (1) Brown coal, with lustrous 
conchoidal fracture, is the oldest and most nearly related to 
ordinary bituminous coal. Handsome specimens of this sub- 
stance are used for ornament as jet. A typical composition of 
the coal, free from ash, is about 75 per cent. C, 5 per cent. H, 
and 20 per cent. 0, small quantities of nitrogen and sulphur 
being, as usual, present. (2) Earthy brown COal, of earthy 
fracture, as its name implies, containing in the ash-free coal 
71*72 per cent. C, 5*76 per cent. H, and 22*50 per cent. 0 ; it is 
usually fich in ash and water. (3) Ligneous brown coal (lignite)* 
of fibrouff fracture, showing a definite woody structure ifnd con- 
taini]|g 69 per cent. C, 5 per cent. H, 20 per cent, of 0 and N, anfl^ 

% 

* ti’amo writers in this country misuse the word lignite ’ to include all 
brpwi! coals. ' 



^ 66 THE CHEMISTRY OF THE SOURCES OF ENERGY. 

6 per cent, of ash. Brown coal, which is mined on a large scale 
in Austria and Germany, has a very variable calorific value on 
account of its fluctuating content of water and ash ; 4, 000 to 
6,000 Cal. may be taken as ordinary limits. It burns with a 
consi(Jerable amount of flame, and is best used (especially the 
earthy variety) on step-grates — that is, grates with firebars 
arranged in a terraced form, as shown in the figure, which illus- 
trates the system adapted to a kiln, a represents the masom^v 
of the kiln. The steps of the grate are shown at c c. The ash 
falls on to the bottom of the furnace, d, whence it is removed, 
and the fuel is continuously fed so as to slide down the sloping 
set of firebars between which the air for its combustion enters. 



The most recent formation of a coal-like fuel is that exemplified 
by the peat bogs of Ireland and other countries. The change 
from fresh vegetable matter is not far advanced ; the original' 
material in this case is for the most part moss. The composition 
of Irish peat (free from water and ash) is about 60 per cent. C, 
6 per cent. H, 31 per cent. 0, and from 1 to 2 per cent. N. The 
4ish varies from 5 to 15 per cent, of the dried material, but is 
occasionally much higher ; speaking generally, it should not exceed 
per cent. Air-dried peat contains from 8 to 20 per cei^. of 
water, and the freshly cut material contains up to 80 or 90 pfr 
cent, of its weight of water. When air-dri^d its calorific value is 
'®from 3,000 to 5,000 Cal. The app^arent specific gravity of peatr 
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* varies fi’om»0'3 to 1*2, the real specific ^^ravity being ahvavs 
greater than 1. 

The volatile organic matter is usually between 50 and 70 per 
cent,, and the fixed carbon from 10 to 25 per cent., calculated on 
the air-dried material containing 15 per cent, of water. f*eat 
which has been pulverised and formed into blocks for use as fuel 
is termed “ manufactured j)eat.” During rec(*nt years the 
industry has been placed on a more intelligent basis, and the 
cheapness of its production on a large scale enables it in many 
localities to compete even with coal. Innumerable systems, 
<liffering mainly in their mechanical details, have been devised 
for yie manufacture of these peat briquettes. The method is 
almost entirely automatic. An excavating elevator drops the 
raw material into a machiiui, in which it is disintegrated and 
kneaded into a plastic* mass, which is cut up into pieces of a suit- 
able size, pressed, and the slabs conveyed awa}’* to be dried, 
usually by air. Such a process costs from 3s. to 6s. per ton, 
according to local conditions. The air-dried slabs weigh from 
10 to 60 lbs. per cubic foot (approximately the same as ordinary 
coal). An im])roved jn'oeess for converting peat into fuel has 
* * been introduced during recent years. Its chief novelty lies in 
the method of expelling water from the raw material. This 
is done in a ( entrifugal machine, and a current of electrhiity is 
also made to pass through the peat. The current has a breaking 

• up effect on the cells of the fibre, and allows a more free and perfect 
escape of the contained water. 8uch electro-peat-coal is hard, 
dense (75 lbs, per cubic foot), and comparatively smokeless. 
Other methods have been tried in which the peat is treated with 
chemicals such as sodium carbonate and lime, so as to enable 
the moisture to be afterwards freed by ]u*essure. These “ cliemi- 
cal '' methods, liowevcr, have not proved very successful com- 
mercially. Peat can be converted into coke in a manner similar 
to wood — i.c., in heaps, kilns, and retorts. Modern processes, 
such as tj^at of Ziegler, based on the simple dry distillation of 

tMvJ^he air-dried material are thoroughly commercial and satis- 
factory, and provide for the employment of the waste non- 
cond^nsable gases and the saving of valuable bye-products. 
Peat coke is made and used in considerable quantity in Germany, 
Sweden., and other parts of the Continent, as well as in the West 
of England. It has a calorific value of about *6,000 ;:)alories, 
contains nearly 90 per cent, of combustible matter, and can hr 
^ obtailio^i sufficiently dense for metallurgical purposes. Its cost 

^ According to a repori^^hv br. I^ugene Haanel, however, the product ii- 
hygrifecopic, and has a tendency fo crumble to powder. The process is, 
therefore, of doubtful utility. * 
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is from 13s. to 16s. per ton, compared with 44s. for coke in the 
same place. The bye-products obtained in the destructive 
distillation of peat include (1) tar, from which is obtained oils, 
paraffin, and creosote ; (2) watery liquids, such as acetic acid, 
amntonia, and naphtha ; (3) gases for illuminating and heating 
purposes. The question of the utilisation of peat for gas-making 
and the production of cheap power is now being actively pursued. 
It has been proved that peat containing as much as 60 per cent, 
water can be used in special gas-producers, and a gas obtained 
which is suitable in every way for use in gas engines. Great 
reliance is placed on the value of the bye-products. About 
80 per cent, of the nitrogen in the peat can be recovered as 
ammonium sulphate, at an estimated cost of £6 or £7 per ton. 
Experiments by Messrs. Crossley show that an output of 700 Board 
of Trade units can be obtained from 1 ton dry peat (= 10 tons 
wet peat) at a'' fuel cost of 0*05d. per unit, without crediting the 
profit on the bye-products. 

An average analysis of dry producer gas from peat has been 
given as follows : — 


CO, 

. -- J2 0 

CH4, 

. - 2’8 

H, . 

. - 24 0 

co.„ 

. - 180 

N, . 

. - 4 :V 2 


100 •() 


Peat producer gas has been used in the Swedish steel industry 
for a number of years, and is preferred to coal gas because of 
its low sulphur content. 

In view of the anxiety which has been felt with regard to the 
supply of petrol for motive power (see p. 74), it is interesting to 
notice that a process has been worked out for the production of 
alcohol from peat involving its hydrolysis by dilute acids and 
fermentation with yeast. Useful bye-products arc alsq^ obtained 
in the process, such as ammonium sulphate, creosote, and tar (see^ 
Sir W. Ramsay's Report in the Aiitomotor Journal, July, 1907). 

There are many uses for peat other than as fuel, but the dis- 
cussion of them is beyond the scope of this book. They include 
the production of ammonia by moist oxidation (Woltereck pro- 
cess), the manufacture of nitrates, paper, wood, moss Ii|iter, and 
^tpdder (see Coimnercial Feat, by F. T. Gissing. London, 1909). 

Briquettes. — Small dusty fuel, obtained as a bye-prrfduct 
in winning and sifting coal, can only be burnt in special forms 6f 
X. furnace — e.g., those provided with i ontinud^s mechanical stoking 
apparatus, or, with step grates (t;.s? — unless previously moulded^ 
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into blocks or briquettes which constitute so-mllod patent fuel. 
The fine stufi' is washed and sifted, mixed witli about G per 
cent, of pitch, tar, giutin or treacle, and moulded into bricks 
under a pressure of 5 to 10 tons per square inch. Browivcoal 
has usually to be dried before it can be moulded, and can then 
be shaped without tlie addition of cementing matter, as the 
resinous substances which it contains are suniciently i-ohesive 
at the temperature employed (75'" = JG7" F.). 

Briquettes made with pitch soften at ( onipaTatively moderate 
temperatures, whih^ those cejneiited with soluble ])inding materials 
are disintegrated by wet. An idcad binding material has still 
to be found. Imjn-ovcments in mechanical stoking ha.V(‘ recently 
permitted the use of much small fuel which was ffumierly prac- 
tically a waste ])roduct. 

WOOD AND CHARCOAL.-' In this countifcy wood is too 
scarce to find application as fuel, but it is largely burnt in lands 
still containing much forest. Wood frc(‘ from water contains 
50 per cent. C', (> per cent. H, 12 per cent. 0, 0*1 per cent. N, 
and 1 p(‘r ' cnt. ash. Air-dried w^ood contains 15 to 20 per cent, 
of water ; the content of water in freshly cut wood is from 20 to 
50 per cent. Wood is not capable of giving a very high tempera- 
ture when burnt, but it kindles more easily than coal, and burns 
dth more Game. It has a calorific value (in the air-dried state) 
if about 3,000 Cal. Just as coal may be advantageously con- 
verMd into coke, producing a non-flaming fuel, so can wood 
he carbonised to produce charcoal (see Destructive distillatio7i, 
Vol. II.). The [)rogressive change of wood to charcoal as the 
temperature of carbonisation increases is shown by the table 
below for the jiroduction of charcoal from black alder. 
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Brown charcoal, asfmight Bb expected, is more easily kindled 
I tha?i black charcoal. It is f only used for the prepara ti^j^n 
eertain oktJkes of gunpo\^C|-. Black charcoal increases in diffi- 
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culty of ignition as the temperature at which it has been 
carbonised rises. Good black charcoal has a calorific value of 
about 8,000 Cal. Its utility depends on its smokelessness and its 
frecFjom from smell and sulphur, on account of which properties it 
is used (on the Continent) for domestic heating, and in this country 
for fine metal work, stoving hops, and similar minor purposes. 

B. LIQUID FUEL — 1. For Steam-raising. — Liquid fuel is of 
minor importance in this country, as its price prevents its success- 
ful competition with coal for any but special purposes. It may 
be stated generally that liquid fuel has the advantage of being 
less bulky than coal for a given calorific value, of being free Jrom 
ash, and of being more completely under control while burning, 
thus facilitating regulation of the fire, and, when used under a 
boiler, of the steam pressure. No stoking in the ordinary sense 
is requisite wdh liquid fuel, and, therefore, opening of fire doors 



Fig. 0. — Ki-irting injector. 


and admission of cold air are avoided. The only successful 
methods of burning liquid fuel comprise the two plans — (1) 
feeding by natural flow down an inclined gutter ; this is adapted 
for viscous liquids, such as tar ; (2) injecting by an ail or steam^ 
jet in the form of a spray. A “ spray maker ” of good design 
the Korting injector, shown in Fig. 6. The oil is heated to 
130° C. = 266° F., and forced into the injector under a pressure 
of 50 lbs. per square inch. The oil flows into a chamber leading 
to the jet, in wjiich chamber is placed a spindle carrying'^a spiral 
screw. 'The oil is forced down this spiral, and acquires* a centri- 
^Aigal motion which sprays it out of the jet in a finely-dijjided 
condition. In the Orde system, the oil flows through a 'settlio.g 
tank, in which crater and other iijpuritie^. separate, and is ^fhen 
passed to the burner under a pretsure of 60 lbs. to the square* 
inch. On its" wav it is heated by\th- waste heat hi the burnt 
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gases, and on oinorging from the inner tulie of tlie burner, at a 
temperature only just below its boiling point, the oil is met by 
a jet of air and steam-heated to C. — 600" F. or more, and 
wholly eonverted into vapour. For marine purposes, the report 
to U.S. Naval Liquid Fuel Board of lOOt recommended that 
only those burners should be used which arc capable of vaporising 
the oil without the aid of steam or compressed air. In this 
countr}', tar and creosote oil (dead oil : see Coal Tar, Vol. II.) 
are used to a small extent, as well as astatki imported from 
Russia, and heavy American oils. As far as Russia is concerned 
the ^petroleum still residue, asiatJci (see Petroleum, V^ol. II.) is 
employed. The ultimate composition of the materials used as 
liquid fuels is similar for all kinds. Thus, taking the combustible 
constituents, tar contains about 85 per cent. C and 5 per cent. M ; 
creosote oil 83 per cent. 0 and 10 per cent, it ; •astatki 85 per 
cent. C and 10 per cent. H. Astatki and similar petroleum 
products have a calorific value of about 11,000 Cal., as compared 
with 8,0(X) to 9,(X)0 for good steam coal ; the other liquid fuels 
give slightly lower values. It wilLbe seen that astatki is the best 
liquid fuel, but it cannot be remuneratively imported into this 
country. Once-run Russian petroleum {q.v.) is imported for 
gas-making, but can barely compete with creosote oil. Crude 
petroleum is not imported for use as liquid fuel, both on account 
of the danger of transporting and handling a. mat(n’ial containing 
coiiLlituents of low flashing point, and also because it is more 
profitably distilled fractionally to obtain lighting and lubricating 
products. Of definite products of fr.actionation, non^ but tlie 
residue is cheap enough for use as fuel. Astatki, freed only from 
about 30 por cent, of the more volatile constituents, is now tin* 
chief product obtained from Russian petroleum. Similar con- 
ditions prevail in California and Texas. In the injection process 
for burning liquid fuel, mentioned above, the function of the j(‘t 
of steam^ when this is used, is purely to “ atomise ” the oil, for 
. it obviously cannot be supposed, as has been ignorantly stated, 
that the steam contributes to the heating effect of the fuel. Anv 
heat from the combustion of hydrogen Vith oxygen which may 
be obtained by the dissociation of the steam, is exactly counter- 
balanced by the absorption of heat previously needed to effect 
the dissociation. • 

Whe?e compactness in storage is important — e.r/., "on boarr^ 
shi^ of war — the small bulk of liquid fuel presents a notable 
'Advantage. One ton of liquid fuel occupies about three-quarters, 
the% volume occupied* by a Ipn of coal, and as its heating effi 
ciency is oj^e and a-half tin‘es that of an equal jveight of* coal 
it followTthat the liquic? b^'el requisite for a given horse-^we: 
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takes lip about onc-lialf tlio space required by coal for the same 
output. All the larger v(‘ssels of tlie firitisb Navy are now 
fitted to burn liquid fuel as well as coal, whilst some of the later 
desVfoyers burn liquid fuel exclusively, in combination with 
Avater-tubo boilers and turbine engines. Russia, lias for some 
time used astatki in her warshijis, and the L-.S. are about to 
employ liquid fuel in destroyers. A disadvantage a})})ears to 
be that with the limited furnace s])ace availabl(^ in marine boilers, 
dense smoke may be emitted under forced-draught conditions 
when licjuid fuel is used. Attempts have bc'cn made' to ])repare 
liquid fuel in a form capable of use in an ordinary furnace. Two 
methods of “ solidifying petroleum have been devised for this 
purpose. The first depends on the fac't that when soap is added 
to an unsaponifiable oil, such as petroleum, the Avhole mass be- 
comes gelatinous, not from any chemical action on the petroleum, 
but simply from the property of soap of forming an apparently 
homogeneous jelly with many liquids, water being a case in 
point. The jellies of the greatest consistency arc made by 
forming the soap in situ by adding a saponifiable oil or a fatty 
acid to the petroleum and then the requisite amount of alkali. 
The jellies made by the aid of castor oil and coco-nut oil are 
particularly firm and coherent. The second plan for solidifying 
petroleum consists in absorbing the licjuid by a porous material 
in the manner in which nitroglycerin is solidified by absorption 
in kieselguhr (see Explosivey, Vol. II.). Since siliceous matll'r of 
this kind Avould remain on combustion as ash, some combustible 
material,, such as cheap vegetable fibre — ejj.y peat — is to be 
preferred! Solidification by means of a material of this nature 
may be aided by the addition of soap. Products of both types 
are liable to ooze in the furnace before igniting thoroughly, and 
their stability when stored in hot places is also doubtful. The 
fact that Russian petroleum contains naphthenes, which are 
capable of oxidation to acid products by air in the presence of 
sulphuric acid, makes it possible that should a demand arise for, 
solidified petroleum it may be prepared by saponifying such acid 
substances in situ. (The production of soap from acid oxidised 
products of petroleum has, however, not yet been accomplished 
on a commercial scale.) The adoption of “ solidified ” liquid fuel 
on a considerable scale is improbable, as by the solidification the 
advantages obtained by the use of liquid fuel are sacrificed, and a 
*^irect comparison with coal becomes even more favourable td the 
latter. . 

, 11. For Internal-combustion Engines.— Of greater importance, 

so far as this gountry is concerned, V.han its use und^r^the boilers 
of steam engines, is the applicatiolj petroleum to'fhe direct 
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provision of energy for conversion into mei liJinii al power b}' 
explosive combustion in the cylinder of an oil (‘iigine For this 
purpose, fcirol is largely used. Petrol is a. low boiling fraction 
of petroleum, of specific gravity 0*70 to O'TP with a calQfific 
value of about 11,200 Cal, or 20,160 P.T.U. It volatilises so 
readily at the ordinary temperature that its vapour can be mixed 
with air in an apparatus termed a ‘‘ carburettor/' and introduced 
jji this manner into the explosion cylinder. The proportion of 
petrol vapour taken up by the air may vary bet\\ een faii'ly wide 
limits, from about 1*1 to .6*3 per cent. The thermal elhci(‘ncy — 
he., the heat converted into useful work— is comirioidv aljout 
18 per cent., but under favourable eonditions and with large 
engines may be as higli as 25 ))er cent. 

The portability of pdroleum, as compan'd with compressed gas 
even of the richest kind (oil gas), and llie ]>r;;cticability of 
directly utilising its energy for the imoduction of mechanical 
power, are valuable properties which are tak(m ad\anta.g(* of in 
the case of launcli engines, and in isolated places wlier(^ ])ower is 
wanted without the ilsk attendant on trusting a l)oiI('r to un- 
I skilled hands, and where gas is not Jivailable. The most im])ortant 
use of petrol engines is for the ])ropulsion of vehicles on land, 
but such engines are also largely used on pleasiire boats. Sub- 
marines are worked entirely by ]>etrol, directly when on the 
surface, and indirectly when submerged, through electrical 
■cmerytT previously generated by the petrol engine, and stored up 
iv. accumulators. The motors of hying-macliines, both of tlu' 
dirigible balloon and aeroplane tyi)e, .are driven by ])etrol. I'lie 
compressed air used in driving torpedoes is heated (he., energy 
is imparted to it) by the combustion of pcdrol (c/. ]>. 7b). With 
regard to the chemical aspect of this utilisation of liquid fuel, it 
may be said that ])etiol should be a fairly homogeneous fraction 
of petroleum — /.c.. it should distil within narrow limits in order 
that the rate of volatilisation may be uniform, and that no resi- 
due of hcftvy dilhcultly volatilised oil may be left in the vessel 
*in which the air is “ carburetted before explosion. Similarly, 
kerosene shoidd be free from acid (due t\) careless refining), and 
from heavy fractions tending to condense and carbonise at the 
moment of explosion. It may be added that the variable char- 
acter of commercial oils renders it desirable that.they shoidd be 
fiystemaRcally examined o ascertain whether they (‘onf))ly with 
the limits specified. 

>In cSses where gas is not available, and .solid fuel is incon- 
venient, petroleum fboth psolene and kerosene) is used 
•directly for heating either as carburetted air Jsee also* Oil 
uir-fjas, p?*^i5), or burnt ^rem a wick; portable experimental 
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and assay furnaces have been constructed to use liquid fuel in 
this manner. 

The increasing demand for petrol for motor use led to a marked 
in(^ease in price, and to anxiety regarding a possible “ petrol 
famine.’* A good deal of this increase of price was, however, 
artificial, and has abated under competitive conditions. But as 
petrol constitutes only about 5 per cent, of total crude petroleum, 
and must be looked upon as a bye-product, the production of 
which is regulated by the demand for the other fractions, a 
constant low price is not to be expected. These considerations 
have led to a search for other liquid fuels capable of use in internal 
combustion engines. Three such liquid fuels liave been proposed, 
paraffin, benzene (benzol), and alcohol. All three, being less 
volatile than petrol, present difficulties in starting ; when tlie 
engine is once running, the exhaust gases may be utihsed to 
warm the carburettor. 

For paraffin, carburettors are generally used in which the 
liquid is ‘‘ atomised,** and the sprayed liquid mixed with the air 
with which it is to be exploded. The range of composition over 
which the mixture remains explosive is less with paraffin than'" 
with petrol ; hence a mechanical and accurately measured feed is^ 
inevitable, and the load cannot be varied easily. The specific 
gravitv of paraffin is about 0*80 to 0*85, and its calorific value 
10,990 Cal., or 19,782 B.T.U. 

The production of benzene is strictly dependent on that**of the 
coal-tar from which it is derived (sec Vol. IT.), and benzene is 
even more definitely a bye-product than petrol itself. Its 
calorific value is lower than that of petrol, being 10,050 Cal., 
or 18,090 B.T.U. Its specific gravity is 0*885. Good results 
have been obtained when using benzene mixed with petrol or 
alcohol, but so far it has not been used in practice by itself. 

Alcohol is used to a considerable extent on the Continent,, 
especially for agricultural motors. Its use is encouraged by 
several foreign Governments, since alcohol is produced from beqj, 
or potatoes, and thus constitutes a home-grown product, as 
distinct from imported' petroleum. The calorific value of alcohol 
is low, 7,000 Cal. for pure ethyl alcohol, 6,300 Cal. for methyl 
alcohol, and about 5,500 Cal. for the denatured 80 per cent, 
alcohol largely used. The thermal efficiency, on the other hand, 
is highj' being about 30 to 35 per cent. It is stated^that with 
alcohol engines a more uniform pressure is obtained thai with 
petrol engines. The difficulty of first starting the engine has 
been more or less overcome by^he usc^^of special devicea> and 
tho calorific ^ power has occasionally been increaspd by adding 
benzene (v,s.). \ • 
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Oil-air Gas. — This p,as has recently been used for lislitina and 
beating country liouses in i.solated places, etc. It consists simplv 
of air mixed with a small proportion of petrol vapour. In order 
to effect the mixture, a fan driven by a small hot-air engnu*. 
worked by a part of the gas produced, blows air over the sumice 
of petrol contained in a carburettor. The petrol is warmed b\’ 
the water from the cooling jac^ket of the hot-air engine. Th(‘ 
air takes up petrol vapour, and passes to a small mixing chamber, 
into wdiich the fan blows a further quantity of air, so as to redma' 
the percentage of petrol vapour in the mixture lo about 1*5 per 
cent. The gas is stored for use in a small gasholder, the rise or 
fall (ff which governs the relation Iretween tlu' quaiilit\' of air 
sent into the carburettor and that forced directb' into the mixing 
chamber. The gas obtained must be burnt from special bui’neis 
containing a. number of wire-gauges to ensure perfect mixing : 
the gas will not ignite if allowed to issue from a hole in the pipe 
or from an ordinarv burner. 

(■’. GASEOUS FUELS.— With the exce}>tion of natural gas 
iq.v.) all gaseous fuel is prepared artificially, and its pre])aiation 
> involves the consumption of rather more energy than a])])(?ars in 
the product in an available form, since the usual inevitable loss 
attending the ei/ii version of (mergy must occur, ^riiiis coal can 
be either burnt as solid fuel, or completely gasified and then 
^burnt. Taking into aecount the energy necessary for the 
gasiti- ^non, the gasified coal must contain less total energy than 
the coal when solid, and no gain of emu'gy can possibly take 
place. Nevertheless, it often happens that the advantages of 
gaseous fuel outweigh comnuTcialiy the l(>ss of energ^' involved 
in its formation, ancl the efliciimcy aetually obtained with gaseous 
fuel may be greater than if th(‘ corresponding quantity of solid 
fuel had been burnt directly. Tin* main advantages of gaseous 
fuel of all kinds will b(‘ evidcnit Iroiii tin* followina con- 
siderations : — 

^ 1. Gases*ca.n be n‘adily, raj)idly, and iierfectlv mixed, and thus 

‘^thc quantity of air exactly adjusted to that of the gas to be 
burnt, whereas solid fuel, burning exeltisivilv ;it its surface, 
needs excess of air in order that its combustion mav b(‘ complete, 
and the formation and final escape of imperfectly oxidised pro- 
ducts— c.c/., CO— avoided. Were it possible to a|Jow the air to 
remain i# contact with th ■ burning solid fuel until the teaction 
between them became complete, no excess of air bevond tht* 

► c^endatfd amount would be recpiisite, but under practical condi- 
tions^ the necessary f«)joiirn ^xould be unduly lengthy, apd 
incompatible ^wdth the conditions neces.sarv for coiipiutous ci^m- 
bustion. in ‘gaseous firing# therefore, the restriction of the air 
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sup])ly to snijill (‘xcoss ovor llie calcjulatcd (|iian1itv dimiiiislics 
flic weight ()[ the linal flue gases, as (compared with those givt‘n 
by solid fuel, and (‘onseipuuitly. for a given leniperature of (‘scape, 
d(;^‘reases the quantity of heat which they carry away. 

1?. Firing with gasc'.ous fuel can be regulated with the same 
ease as that already mentioned as characteristic, of liquid finds, 
and in addition can be usimI with ex(iess or defect of air as may 
be desired, to yield an oxidising or a reducing atmosphere. 

It. Freedom from ash and soot, a matter of importance for 
many industries, is secured by gaseous firing. 

d. Gaseous fuel adapts itself readily to the use of regenerative 
heating, and thus lends itself to the production of high tem- 
peratures. 

5. Small fuel, containing much ash, and bulky fuel — c.g.. peat 
— are more ^readily dealt with by preliminary gasification than 
by direct burning. 

6. Gaseous fuel is a very convenient source of power when 
burnt in the gas engine, anil thus provides an alternative to the 
use of the steam engine with its very low efticicncy. 

Gaseous fuel can be produced from solid fuel by processes^- 
which may be divided into Uvo classes — (a) destructive distilla- 
tion involving the formation of a fixed carbonaceous residue, and 
(6) complete gasification with the removal of the whole of the fuel 
(with the exception of the fixed mineral (.‘onstituents) as gases. 

COAL GAS, which is the only gas made by des^'uctive 
distillation, and distributed on a large scale, is not primarily pre- 
pared for heating and as a source of power, but it is nevertheless 
used as a domestic fuel and for supplying moderate quantities of 
mechanical energy by means of the gas engine as intermediary. 
Its production and composition are described in tlie section on 
Destructive distillation, Yol. II. 

For the production of heat as a Avarming and cooking agent 
it is burnt in two distinct ways — (I) from jets or slits giving a 
luminous flame (with or Avithout a chimney), and (2) Lorn burn ers 
of the bunsen or “ atmospheric ” type, in Avhich it is mixed wiflT 
air at a point anterior to that at which it is burnt. The total 
calorific effect is constant, however the gas is burnt, provided its 
combustion be complete. Choice between the methods turns on 
their convenience under given conditions. For rapid heating in 
contact with the flame — e.g., boiling* — the non-luminotas flame is 
’necessary, as it does not deposit soot on the vessel heated, Avhich 
Avould form a non-conducting layer. Soot thus deposited glsc* 
obviously means the loss of fuej^,/ Whei^i heating by radiation is 
contemplated, the gas may be ' burnt Avith a luminous fiance, 
preferably Avith the aid of a chimney, as in an argand burner (the 
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total radiant *lieat being then about 12 per cent, of the total 
chemical energy of the gas). In such cases the products of ( oin- 
bustion are only as deleterious as those of ordinary unprotected 
gas jets used for lighting purposes, and a fine may sometimes be 
dispensed with in a weil-ventilated room. For burners of tnis 
type used for heating rooms, an arrangement to condense the 
water produced by the combustion of the gas is sometimes ])ro- 
vided, and undue moistening of the air of the room thus avoided, 
but the CO., and other gaseous products of course escape. Heat- 
ing by radiation may also be elTected by the use of a iion-luminous 
flame caused to heat a refractory material — c.f/., iron, platirnim. 

, asbestos, or fireclay — to incandescence. A\htli such stoves a flue 
should always be used, as at the <‘Ooler parts of the material to 
be heated, combustion is checked by contact of the flame with a 
solid body, and the usual products of cluaked combustion — 
among which are acetylene and carbon monoxi(l(\. gases of 
markedly toxic properties — are formed. Evidence of such 
checked combustion is given by the sense of smell in the air of a 
room in which a kettle of waten* is being heated over a common 
^burner of the bunsen type. Even when coal gas is burnt from 
the best form of heating or lighting burners which have no device 
to cany off thei: produed-s of combustion, the air of the room is 
liable to serious contamination. Thus each (‘ubic foot of ordiiuiry 
coal gas yi^ds abour 1 ounce of water and 0*57 (‘ubic foot of 
^s 'a c<^^pnmoD flat-flame burner consumes about 5 cubic, feet ])er 
hour, the ciuantity of the main products of combustion becomes 
considerable in a well-lighted room. The amount of SO., pro- 
duced per 100 cubic feet of gas burnt is about 10 grains. The 
effect of these products of complete combustion is enhanced by 
that of unoxidised or imperfectly oxidised products, hydrocarbons 
and CO, which invariably appear in small amount. The per- 
centage of CO., in normal air is 0*03 -per cent., and the approxi- 
mation to normal condition of the air of a given room is generally 
gauged by its contents of C(C. This should not be above 0*1 per 
-c*ent., but is frequently exceeded when much gas is burnt. It 
is doubtful whether it has any toxic eft'^ct, being merely non- 
supporting of life. Carbon monoxide, on the other hand, is 
distinctly poisonous, but the question of its presence in coal gas 
* becomes of importance only when an escape of unburnt gas (which 
contains %bout 6 per cent, of CO) has occurred (see Water ^as). 
The calorific value of coal gas averages 170 Cal. per cubic foot 
G'i3 British thermal units.* The chemical energy of coal gas 
can be directly convert^ into pechanical work by means of the 
jas eilgine. In this machine a mixture of gas and air (4 voli^ne 
* This repi^.setits about onc-fi^li of the calorific value of the parent coal. 
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gas with 9 to 11 volumes air) is exploded behind a piston, 
and the longitudinal motion thus imparted to the piston con- 
verted into circular motion as in a steam engine. The use of a 
sudden and violent impulse, such as is implied in the word 
“ explosion/' does not on a priori grounds recommend itself as 
an economical method of obtaining power, but it must be under- 
stood that the explosion is of a more gradual kind, on account of 
the dilution of the charge and the rapid enlargement of the 
<‘.hambcr in wliich it takes pla(!e (due to the advan(*e of the 
piston) than that characteristic of a shattering explosion pro- 
duced by a blasting explosive. There is a difference in degree, 
but not in kind, between the ignition of a gas engine charge and 
that of a rifle or piece of artillery, the propulsive effect in some 
of the larger guns partaking of the nature rather of a steady, 
though extremely vehement, push than of a violent shock. 
Another cause for the gradual character of the impulse in a gas 
engine, is the prevention of instantaneous and complete explosion 
of the mixed gases in its cylinder by the raising of their tempera- 
ture, owing to an explosion of part of them, to the temperature 
of dissociation of their prodiKits of explosion, inhibiting further 
combination. As the piston moves the gases expand, doing 
work, and their temperature falls, allowing fresh combination 
of unused portions, until the dissociation temperature is again 
reached, 'ihe process of explosion is, therefore, automatically 
controlled, continuous and steady, and the power iSN^xerted 
fairly uniformly during the stroke. 

The gas engine, though more efficient than the steam engine, 
still leaves a good deal to be desired. The average output of 
mechanical work corresponds with 20 to 25 per cent, of the 
energy present in the coal gas. This low result is largely caused 
by the necessity for cooling the working cylinder (by means of a 
water-jacket). The necessity arises from the difficulty of finding 
a lubricant which will both retain a fair degree of viscosity (sec 
Lubricants) and not suffer decomposition at high temperatures. 
Another reason for cooling the cylinder is the decreasing strengtl^ 
of structural materials (metals notably) with rise of temperature. 
A third reason for cooling lies in the danger of pre-ignition during 
the compression stroke, especially when gases rich in hydrogen 
(water-gas, coal-gas) are used. It is obvious that a large fraction 
of the .energy of the exploded gas goes to warm watf^- instead 
of performing mechanical work. Combustion in a gas engine is 
usually nearly complete,’^ but an exhaust into the opCtU air , 

, * Combustion in an oil engine is aL^’O nearly^ complete, but a good deal 
of waste it* often occasioned by imperfect spraying, oil being ejected in 
drops with the exhaust. . 
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-of course, as, necessary as with a gas stove. Tlie economical 
■consumption of coal gas in a gas engine is seldom of great import- 
ance, as for larger powers, where the cost of energy. a})art from 
other charges, becomes a tangible item, coal gas is not used, 
producer gas {q.v.) being substituted for it. ^ 

There is another use of coal gas as a source of energy which 
requires comment — viz., the supplementing of the effect of com- 
pressed air, supplied from central stations as a motive power in 
a few cities. The air before entering the motor is heated by a 
gas burner, and thus the energy represented by the motion of its 
molecules is increased, and risk of condensation and freezing 
from undue cooling during the expansion of the compressed air 
while working is avoided. In estimating the efliciency of atiy 
system of this kind of distributing energy, the energy imparted 
■directly as heat must naturally be taken into account. Another 
minor use — c.f/., in laboratories largely using electrolytic nu'thods 
— consists in heating thermo-electric, batteries by gas jets, and 
storing the cunent thus obtained in accumulators. The system 
is extremely wasteful from the point of view of the output of 
electrical energy obtained for a given expenditure of chemical 
^energy, but has convenience to recommend it. 

Coke-oven gas is one of the bye-products of the manufacture 
of coke for m'dallurgical purposes. Its composition is similar 
to that of^al-gas, but the gas is somewhat richer in methane 
|ind condl^rably poorer in hydrogen. The average calorific 
power i^bout 620 B.T.U., or 156 Cal. per cubic foot. At prewsent, 
much of the gas produced, beyond that requiKid to heat the ovens, 
is burnt to v aste. Where the gas can be sold, it is economical 
to collect it in two portions. A rich illuminating gas (3,000 to 
4,000 cubic, feet per ton of coal) during the first stage of heating, 
and a poorer power gas (5,000 to 6,000 cubic feet) during the 
second .stage. 

Coalite is coal depi-ived of a portion only of its volatile matter. 

It has been introduced as a .smokeless fuel for domestie grates, 
in wliich it |)roduces a more cheerful fire than does coke. Coalite 
IS made by heating bituminous coal under moderate pressure in 
retorts, a temperature of 127'' C. (800 F.) being gradually 
•attained. As soon as no more gas is produced, the residue is 
^ cooled by introducing steam. The gas given off contains an 
appreciable quantity of ethane, which is not present in ordinary 
illuminating gas. Its calorific value is high, but its illuminating 
powertlow. At Wednesbury the gas is used for the manufacture 
^OfSerro-sIlicon in the elects • furnace. 

GSSf^ERATOR GAfi. — By ^is term is meant gas^m^o-by* 
t4e second method defined above — viz., that methoi^^^y whlbh 
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complete iiasification of the fuel is effected. There are three 
main kimls of ‘generator jias — (1) producer qas made by the 
limited action of air alont' on fuel ; (2) xmier gas made by the 
action of steam u])on heated fuel ; and (3) semi-water gas made by 
thl^ action (»f i)oth air and steam upon fuel. Gases of the type of 
water gas and semi-water gas (‘an be made by the action of CO.,, 
alone*, or mix<*d with air, upon fuel. 

(1) Producer Gas. — The first of these (producer gas) has 
carbon monoxide as its <‘lii(‘f combustible constituent, and its 
formation depends primarily on the production of carbon mon- 
oxide when carbon is burnt in a limited amount of air, the 
ultimate result being expressed by the reaction — 

C-i- ()(-l- Nh) - C()(+ N,). 


Air. 


It is usually considered that the production of CG from carbon 
and a limited supply of oxygen (or air) proceeds in two stages, 
thus : — 

(1) c+ o., - co... 

(2) CO.,-\- 2C(). 

According to this view, air on first entering a producer .combines 
with the carbon of the fuel to form CO.j. and thisc .passing up 
through the mass of hot fuel is reduced to CO, which V,s*^titute.s, 
the chief combustible constituent of producer gas. It lu^s been 
stated, however, that carbon at a temperature of 1,000" C. = 
1,832° F. unites directly with oxygen to form CO, no intermediate 
formation of CO.j occurring. Considerable doubt exists as to 
whether this is so, and whatever the mechanism of the change 
the ultimate result is the same — viz., the conversion of solid 
carbonaceous fuel into the gaseous fuel, CO. The formation of 
CO by the limited oxidation of C evolves a large quantity of heat, 
and the main reaction concerned being thus pow^fully exo- 
thermic, the continuous formation of producer gas without the^ 
aid of external heat is easy. A modern form of gas producer 
is shown in the figure'.' The producer consists of a combustion 
chamber, A, into which the fuel is fed through tlie hopper, B ; 
it suffers limited combustion by the air entering through the 
flue, C, and the distributor, D. The producer gas is led off by 
the flue, E, and the ash and clinker of the gasified fuel are con- 
tinuously removed by the conveyor, F, which rotates < under 
water, the latter serving to seal the producer chamber. ’File" 
is forced out at the shoot, G. ^ In general the lair ia 
either driihs;^ in by the draught of the stack of the furnace, which 
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is fed by the gas from the producer, or is blown in by 
injectors.* ^ 

As in practice, coal (and not coke) is generally used in a pro- 
ducer, reactions subsidiary to the main chemical change (viz., t]» 
production of CO) take place. The mere heat of the combusti^ 
chamber suffices to destructively distil a portion of the coal, the 
residual coke being afterwards gasified by limited combustion. 

US 1 appens that a certain amount of hydrocarbons appears 



Fig. 7. — Gas producer. 

B, Hopper ; C, E, flues ; I>, distributor; F, conveyor ; G. shoot. 


in ordinary^producer gas. The composition of pure producer gas 
(from carbon only) and that of the ordinary product are given 
on the following page. 
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Pure Producer Gas. 

Actual Sample. | 


Per cent. 

Pur cent. 

"OCO, 

;^4-4 

22 -S 

) • * • • • 

(35 6 

(31^ '5 

OO 2 J ..... 


.S(> 

Jt, ..... 


2-2 

U . . . . • 


7-4 

0 , 


1 O-;") 


j loo-o 

1 100 0 


Average producer gas has a calorific value of about 28 Cal. per 
cubic foot — i.e., about 111 B.T.U. The total amount of chemical 
energy (as distinct from sensible heat) in the gas thus produced 
from a given weight of coal is about § that in the coal. The 
fulfilling of the reactions involved in the complete oxidation of 
C causes the following thermal changes : — 

(1) c + O = CO + 29,000 Cal. 

(2) CO + 0 - CO. -}- 08,000 Cal. 

This means that 12 kilos, of carbon when oxidised to carbon 
monoxide evolve 29,000 Cal., and when the resulting carbon 
monoxide is oxidised to carbon dioxide a further evolution of 
68,000 Cal. occurs. Therefore, in the preparation of%;roducer gas 
a large fraction (nearly of the total energy availabl^<from tbte 
oxidation of the carbon appears as sensible heat in the producer. 
Unless, therefore, the producer gas can be used close to the pro* 
ducer, so that it is but little cooled by the time it reaches the 
point of combustion, a waste of J the total energy of the fuel 
is incurred. The sensible heat of producer gas can, however, be 
icndered latent and available at a distance in one of several 
w ays, of which the manufacture of semi-water gas serves as a 
type {vA,). 

In all systems of heating by fuel (as opposed to direct electrical 
heating) great diflaculty is experienced in utilising the heat in 
the products of combustion after their temperature has fallen to 
a certain minimum. Thus, when there is no feed-water heater 
(applicable in the case of a boiler) or other economising arrange- 
ment, the temperature of the issuing gases may be 600° to 
700° F. = 3t5° to 371° C. The heat thus escaping to tiie chimney 
amounts to about 20 per cent, of the whole heat evolved by the 
combustion of the fuel. It is found to be impracticable in 
cases, even when the substance to be heated has to be raised to 
iinly'n* ©derate temperature (c.^., the water in a boilei? which 
may have to be heated only to 300° to 400° F. = 149° to 204° U.) 
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to utilise the heat of the products of combustion directly, when 
their temperature has fallen below 600'' F. = 315° C. A certain 
residuum of heat in the flue gases has to be left to alford a draught, 
unless some system of forced draught be used. NevcuthelesjK' 
a large amount of waste occurs in any system of firing in which 
no special provision exists for turning low temperature heat to 
account. 

Several methods exist of utilising the low temperature heat 

of products of combustion which have accomplished their main 
work of heating. They differ according to the nature of the 
industry using the main source of heat. Thus, in industries 
where evaporation has to be effected, waste gases are made to 
pass underneath the evaporating pans ; the evaporation of tank 
liquor in the Leblanc alkali process (q.v., Vol. II.) is a case in 
point ; where moist materials have to be dried, as in drying 
slurry for cement making, a similar method of economy is prac- 
tised ; where feed water has to be heated for steam-raising the 
gases pass through an economiser which consists of a number of 
vertical iron tubes through which the feed water flows, and round 
, which the boiler gases — f.c., the products of combustion from the 
boiler grate — circulate. A use of a different kind, specially 
advantageous when high temperatures have to be produced, 
consists in heating the air supply before combustion by the waste 
heat of the .lirnace gases. Thus, it has been found economical 
tb beat the air supplying a scries of boilers by passing it through 
iron tubes set in the furnac'o flues, and, therefore, heated by the 
furnace gases.* This mctliod of pre-heating the materials to be 
burnt is particularly applicable to gaseous firing, as both the fuel 
and the air can be heated, iD.stead of the air only, as in the 
case of solid ‘fuel. High temperatures can be easily obtained 
by employing a system of “ regeneration '' such as this. A 
regenerator is shown in the figure, the top portion of which 
represents a vertical section through a combustion chamber, A 
(in which is •the substance to be heated — e.q.^ steel), and the 
regenerators B, C, T), E, whilst the lower portion of the figure 
is a ground plan of the flues through whk;h producer gas and 
air are fed to the regenerators. The method of operation is 
as follows : — When the furnace is at work, the products of 
■ combustion leave the combustion chamber. A, by-way of the 
regeneratoi« D, E, which contain chequer work of firebrifk to 
which 1^e hot gases impart a large portion of their heat ; they 
pass «iway through the flues, a, and (which are shown in 
the ground plan in the l^wer portion of the figure), and thence^ 

’I^Yet another method consists in superheating steam from a 
way to the cylindef by passing it through tubes set in the Hues. 
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to the chimney of which the entrance is shown at F. From 
the same plan it will be seen that the producer gas and the air 
necessary for its combustion pass through the flues cj and a, and 
.,+dience up the regenerators B and C, shown in the section. When 
the firebrick in the regenerators D and E has been heated until 
the temperature of the upper end of the regenerators (nearest 



; 



Fig. 8- — Regenerator. 

!V, Combustion chamber ; B, C, D, E, rcgencratois ; a, jV, fluesj ; 

F, entrance to chimney ; V, valves. ^ 

o 

the combustion chamber) approaches ^^hat of the furnace, the 
fl ^ reversed, so that the air and prodiicer ^s 

now flow ^he flues Uj and {/i, and pa!js through the 
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•chequer work in the direction reverse to that previously taken 
by the products of combustion, and are thereby heated before 
they reach the combustion chamber. It is now the turn of the 
regenerators B and C to become heated by the products of coir;^ 
bustion which pass away through the flues, g and a. It will be 
seen that the whole working is systematic — i.c., the c*old gases 
enter the cooler end of the regeneuitor and leave at the hot end, 
whilst the hot products of combustion enter at the warmer end 
of the regenerator and leave at the cool end. In this case the 
same canal serves alternately to absorb heat from the products 
of combustion, and to impart heat to the gases to be burnt ; it is 
obvious that the liot produces of combustion and tlie cold com- 
bustible gas (or air) can be passed simultaneously in reverse 
directions through parallel canals separated by a septum capable 
of transmitting heat ; an arrangement of this so^t is shown 
under the head of destructive distillatioji of coal (7.P., Vol. II.), 
and a simple instance thereof is afforded by the regenerative 
system applied to steam boilers for utilising the heat of their 
furnace gases, which has been already mentioned (p. 83). 

The regenerator is applicable not only to prociucer gas, but 
to the other qualities of gaseous fuel about to be described. 
The principle in all ceases is the utilisation of what would be 
waste heat f^r the preliminary heating of the materials about 
to be burr;,. It should be said that, in general it is more im- 
portant io pre-heat the air needed for combustion than the gas, 
since the quantity of the former is greater than that of the latter. 
Pre-heating of the gas is also troublesome, since contact with 
oxygen must be avoided in the regenerators. 

Since heating by radiation generally results in a more gradual 
and uniform rise of temperature than heating by contact, methods 
have been devised for causing a luminous flame to play across 
the arch (the top of the chamber A, Fig. 8) of a regenerating 
furnace, so that the material — c.f/., plate glass to be softened — 
may be hcjfted by radiation from the white hot particles of 
carbon in the flame, and not by contact with the hot gases 
constituting the flame. 8uch a luminous •fl ame is obtained by 
careful adjustment of air and producer gas supplied to the 
furnace. 

Fairly successful attempts have recently been mg.de to utilise 
low-tempefature heat by means of sulphur dioxide ei/^ines. 
These 4 ire similar to oidinary steam engines in principle, but 
•i/quid sulphur dioxide takes the place of water. The tempera- 
ture oJ^the liquid being riiised by the hot flue-gases which surround, 
tlfce “ boiler,"' it evaporates, expands, and does work-, the gais 
escaping at the end of the stroke into a condenser, whilst still 
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under sufficient pressure to cause it to return to the liquid state 
on cooling to the ordinary temperature. The liquid is then 
returned to the boiler. 

2. Water Gas. — By this term is meant the gaseous mixture, 
consisting essentially of CO and H, which is produced by the 
action of heated carbon upon steam. The reaction appears to 
take place in two stages, thus — 

(1) C h 2H..0 = 2H. + CO.,. 

(2) C -f CO:. - 2Cd 

As in the case of producer gas (v.s.), it is stated that carbon may 
be oxidised directlv to CO at temperatures above C. — 

1,832° F., thus— 

(a) C -I- H./) - H., CO. 

In the case of equation (1) 12 kilos, of carbon in being oxidised 
by steam require to bring about the reaction an expenditure of 
18,200 Cal. ; similarly equation (2) requires 39,000 Cal. ; equation 
(3), therefore, needs half the sum of these values^ — viz., 28,600 Cal. 
In these cases the water is already in the form of steam, but 
when liquid water is the starting point for calculation, the quan- 
tity of heat needed is nec'essarily greater by the amount necessary 
to convert the water into steam — i.e., 10,800 Cal. Seeing that 
the occurrence of the fundamental reaction, H.,0 -f- bv= H.j -f- CO 
for the production of water gas involves the absorptio^\>f 28,600 
Cal. even when the water is already in the form of steam, it is 
obvious that any system of manufacture must be designed to 
communicate a large supply of heat to the raw materials, C and 
H^O. A plan for supplying this heat, which has the apparent 
merit of simplicity, would consist in heating a vessel c'ontaining 
solid fuel from without, and blowing steam through it. The 
method is impracticable on account of the cost of transmitting 
the heat tln-ough the walls of a suitable vessel, such as a gas 
retort. The device actually adopted consists in obtaining the 
necessary amount of heat by the oxidation by air of a portion of 
the fuel which is to be gasified. This is effected by blowing air 
into the bottom of the generator containing the fuel (as shown 
in Fig. 9), and thus making producer gas (carbon monoxide and 
nitrogen), which passes away by the flue on the right of the 
figure^ heat to the extent of 29,000 Cal. per 12 kilos.^ of carbon 
■ burnt being at the same time evolved. When the intydor of 
the producer is thus highly heated, the air is cut off and steiwn. 
is blown into the upper part of the generator, forming carbon 
nqphlrxicUi^and hydrogen, until the heat absorbed by this reaetkn 
lowers the temj)erature below that .necessary for 'its occurrence. 
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The steam passes down the hot column of fuel, its action being 
thus systematic, and the water gas is led away through the pipe 
as shown. The first part of the process (admission of air) is 
called the hot blow, and the second (injection of steam) 
cold blow. It will be seen from equation (3) that ideal wiif^r 
gas should contain 50 per cent. H and 50 per cent. CO (by volume). 

O 



In practice, however, m. certain amount of prodflcer ga.'jp formed 
dui;jng the hot blow, is mixed with the water gas proper resulting 
from ihe cold blow. The average composition of water gas is — ■ 
CO, 41 per cent. ; 4L 4d per cent. ; CO ,, 6 per cent. ; N,f 5 per 
, cent. — by volume. The producer gas formed durinj? the -hoi 
blow has tlte usual composition (v,s.), and is utilised for sfeaiH' 
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raising and various heating purposes, such as the “ fixing '' of 
hydrocarbons when the primary object of the preparation of 
water gas is tlie production of a carburettcd gas for enriching 
, eomrnon coal gas. Where high temperatures are especially 
n?^ded, water gas is a better, because more concentrated, fuel 
than producer gas, but its economical employment depends 
largely on a use being found for the producer gas which is made 
as its bye-product. Average water gas has a calorific value of 
291 B.T.U. per cubic foot — i.e., 74 Cal. When fuel is gasified 
by this duplex system, the total quantity of chemical energy in 
the two gaseous products (producer gas and water gas) amounts 
to about 77 per cent, of that in the fuel (coal or coke) used. ■' 

In the Dellwik and Fleischer process, producer gas is not 
made. By reducing the layer of fuel, and maintaining a very 
rapid air -blow for a short time only, the carbon is burnt to carbon 
dioxide during this period. Consequently less carbon is used 
to furnish the heat needed during the cold blow, and practically 
no CO is produced. The calorific value of the water-gas so 
obtained is 319 B.T.U. per cubic foot — i.e., 80 Cal. The gas 
is stated to contain about 82 per cent, of the chemical energy 
of the coal. 

3. Semi-water Gas (Dowson gas). — This form of gaseous 
fuel is produced by injecting simultaneously air and steam into 
a producer. The air forms with the fuel produceft gas, this 
process evolving heat ; the steam reacts with the fuel to yield 
water gas, the process absorbing heat. By regulating the pro- 
portions of air and steam the temperature of the producer may 
be kept sensibly constant and a gas obtained consisting of a 
mixture of producer gas and water gas. The apparatus used for 
making semi-water gas is simply an ordinary, producer, such as is 
figured in the section on producer gas, provided with a steam 
injector. It has been indicated above that a common producer 
only works to advantage when it is situated in close proximity 
to the furnace which it is supplying, the gas thus reaching the 
furnace without notable loss of sensible heat. If the connecting 
pipe be long, much cooling occurs and a large loss results. When 
instead of the energy appearing as sensible heat in the producer 
gas, it is converted into potential chemical energy by manu- 
facturing semi-water gas, the distance of the producer from 
the furnace is of minor importance. Supposing that thr whole 
of jjhis heat were utilised in the production of water gas, ^ the 
semi- water gas would contain 58 per cent, of ideal produoer gas 
and 42 per cent, of ideal water gas, and consist of H, 21*1 per 
.cen^ ; XQ, 40'9 per cent. ; N, 38 per cent. Semi-water ga^ as 
actually made falls considerably short of the ideal composition. 
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containing about H, 15 per cent. ; CO, 27 per cent. ; CIl^, 2 per 
■cent. ; CO>,, 4 per cent. ; N, 52 per cent. It has a calorific value 
of about 41 Cal. or 163 B.T.U. per cubic foot. 

One of the chief uses of semi>\vater gas is as a source of 
in the gas engine (v.i.). For this purpose it must be free from 
tar and hydrocarbon vapours, so as not to clog the pipes and 
taps leading to the engine. Consequently, espct*ially for the 
smaller power plants, coke or antliracite is used in the pro- 
ducer, and not bituminous coal, as the lower price of the latter 
is more than counterbalanced by the cost and inconvenience of 
having to purify the gas obtained. A number of producers 
have,# however, been constructed to work with bituminous fuel ; 
in all these the tarry va.pours given off by the green fuel are forced 
to pass through the mass of incandescent coke in tlu'. ])roducer 
and are thus converted, to a greater or less (‘xtimt, into “ fixed '' 
gases. This ‘‘ fixing may be effected by blowiit^g the air and 
steam downwards through the fuel in the ])roducer. and drawing 
off the gas at the bottom ; or by the method ad()i>ted in the 
Mond producer (v.i.) ; or else, as in the Loomis-iVTtibone process, 
by working two producers alternately, the two producers being 
connected together at the top, and ])rovided with separate gas 
outlets and air and steam inlets at the bottom, in such a w'ay 
that the gases given off by the fresh charge of coal at the top 
of the prodtfeer which is being blown must traverse the hot fuel 
•in the second producer, which has just finished its l)low. 

The Mond system is the outcome of an endeavour to recover 
the nitrogen contained in bituminous slack in the form of am- 
monia. At present, on acaount of the (*omplication and expense 
involved, ammonia is not recovered in plants of less than 5,000 
H.P. capacity. The Mond producer consists of two concentric 
wrought-iron shells, the inner one being lined for a portion of 
its height wdth firebricks. The top is arched, the bottom tapers 
towards the grate ; the whole producer is lield in position by 
brackets o^r a Avater-lute. The slack freshly introduced at the 
top is confined for a time in a bell-shaped casting, hung from 
the top of the producer, and surrounded by the hot gas. The 
vapours distilled off from the slack are forced to pass downwards 
through the hot zone, in which most of the tar is fixed.’' By 
the time the fuel reaches the body of the producer it is free 
from volatile matter. The grate consists of fii^e-bars ^hooked 
into ^vo cast-iron rings so as to form an inverted frustruin of 
a cone ;#the centre is entirely occupied by cinders, which reach 
to the bottom of the p^t m which the producer stands, and are 
raked*away below the water-level ; these cinders support hyrge 
Jart of the weight of the fuel. The mixture of steam and air 
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used in the producer lias to pass downwards betwei^n the two' 
shells, entering between the fire-bars, and thus becomes highly 
heated. The hot gas from the producer passes through a re- 
""•^^ij^erator, consisting of vertical double tubes of wrought-iron, 
in which it gives up much of its heat to the ingoing air and steam. 
The gas is next freed from tar and cooled to about OO"" C. (194° F.) 
by spraying it with water in a chamber, and then passes up the 
acid tower, in which it meets a descending stream of ammonium 
sulphate solution containing 4 per cent, of free sulphuric acid, 
which retains the ammonia. The bulk of this solution is cir- 
culated continuously, a part being removed for evaporation 
when its strength amounts to about 37 per cent, of ammonium 
sulphate, and fresh acid added to the rest. From the acid tower 
the gas passes up another tower filled with w'ood-packing, down 
which streams cold water, which takes u^) a large proportion of 
the sensible ht^at of the gas. The hot water so obtained is made 
to warm and to saturate with moisture the air on its way to the 
regenerator described above. 

The temperature in the producer must be kept as low as possible 
to prevent the ammonia being destroyed. This necessitates the 
injection of a large quantity of steam, which also helps to prevent 
caking. Where the ammonia is to be recovered, i lb. of bitumi- 
nous fuel requires 2.V lbs. of steam and 3 lbs. of air ; 1 lb. of 
steam can be obtained by regeneration ; the oth?r 1 1 Ihs. is 
obtained, if possible, from exhaust steam. About h lb. of steam* 
is actually decomposed, and 4^ lbs. or (>2 to 71 cubic feet of gas 
are obtained. The calorific value of the gas is about 140 B.T.U.. 
or 35 Cal. per cubic foot. The gas contains about 80 per cent, of 
the potential energy of the coal used. Its average composition, 
without ammonia recovery, is CO, 11 per cent. ; H, 27*5; CH,, 
2*0 ; COo, 16*5 : and nitrogen, 43*0. In this case, 1 lb. of coal 
requires only 1 lb. of steam. Where ammonia is recovered — 
i.e., when the temperature is kept lower and more steam used — 
the average composition of the gas is CO, 13*8 peit. cent. ; H, 
24*3 ; CHp 2*0 ; CO.„ 13*9 ; and nitrogen, KrO.'*' It is claimed 
that about 70 per cent^ of the nitrogen present, or about 90 lbs. 
of ammonium sulphate per ton of coal, can be recovered. Gas 
made in this way is especially suitable for large central stations 
supplying smaller consumers of power. But, in order to keep 
the mains wifhin reasonable size, the gas must be •delivered 
under fairly high pressure (10 lbs, per square inch) ; this n^^cessi- 
tates the use of compressors, and of special means to guaril against 
leaks in the mains. Mond gas appears t^i be a step towards the 
realisation of Sir Oliver Lodge and B. H. Thwaite’s dream o^. 

* Case, J. Sac, Cheyn. Ind^, 1003, p. 300. * 
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smokeless cities deriving their power from producers situate at 
the pit’s mouth. 

Other means than that described above can be used for con-^ 
verting the sensible heat evolved in the formation of prod -^i-v^r 
gas into chemical energy. Thus CO., may be substituted for 
water, its decomposition taking place according to the equation 
COo d- C = 2CO, which absorbs for every 12 kilos, of carbon thus 
gasified 39,000 Cal. The system is use(l for the preparation of a 
mixed gas corresponding thermally with semi- water gas, and 
consisting of a mixture of producer gas with addition of CO 
(instead of II + CO, as in the case of semi-water gas). Complete 
utilfsation of the heat evolved in the formation of producer gas 
gives, on this plan, the ideal values — producer gas 65*3 per 
cent., CO (from CO,) 34*7 per cent. Such an ideal gas vould 
contain 57 T jDer cent. CO and 12*9 per cent. N, and have a 
calorific value of 48 Cal. per cubic foot. As a supply of pure CO., 
is not available in most places without having recourse to special 
means of preparation,* this method is reduced in practice to the 
system of turning back a portion — c.f/., one-half — of the products 
of combustion of the furnace fed by the producer, into the pro- 
ducer itself. 44iis CO . contained in these products of combustion 
is converted into CO, and the chemical energy (as distinct from 
the sensibje heat) of the producer gas is thus increased. An 
advantage of this method is that the CO., to be decomposed is 
already heated, whereas in making semi-water gas an external 
source of heat is necessary for raising steam, in any ordinary 
method of working, the sensible heat of the products of combus- 
tion is, of course, largely recovered by the use of the regenerator. 
The disadvantage entailed is the dilution of the gas from the 
producer with the nitrogen of the products of combustion. At 
present this method is hardly used. 

Blast-turnace gas is essentially a poor {uoduccr gas, containing 
much CO.;. Its composition is variable, but may be stated on 
an averafie as 25 to 30 per cent, of CO, and 15 to 20 per cent, 
of CO.„ the remainder being almost entirely nitrogen. The 
calorific value is about 23 Cal. or 90 B.TtC. per cubic foot. Blast- 
furnace gas is such a poor gas that it would not be used were it 
not a bye-product which must be obtained in any case. Only 
a portion of the total gas produced is needed tg heat th(‘ air for 
the furnace blast, anc’ the remainder is now utilised locally to 
a l»rge and increasing extent for steam-raising and in gas engities. 
BeforS using it in the latter, the gas must be scrubbed free from 
th(^ flue-dust it carries, and its dilution necessitates the use of 

* An excej^ion found in the ca.se of breweries. Lime kiln ga.^*s are 
also fairly rich in C'O.j. 
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large engines. For tlie same reason, it must be well mixed with 
air before burning it under a boiler. 

Suction Plants. — All the gaseous fuels considered above are 
‘'|>3Piw.liu(*(l under a. ])ressure somewhat above the atmospheric. 
When us(al in tln^ gas engine, they are not delivered straight to 
the latter, l)ut an^ lirst stored in a gasholder, from which they 
are delivered under slight pressure to the engine. Hence the 
type of plant has been distinguished as “ Pressure Gas- Producers P 
The constantly increasing use of gas engines has caused the 
evolution of gas producers along economic lines. During recent 
5 ’ears a new type, requiring neither steam jet nor air blower has 
been evolved, the air being drawn into the producer by' the 
sucking action of a gas engine. The expensive gasholder is 
entirely avoided ; the producer is connected directly to the 
combustion chamber of the engine, the gas being merely cooled 
and passed throhigh a scrubber containing (.‘okc or sawdust. This 
scrubber removes, not only tarry matter, but also drops of 
condensed moisture, which, with the usual magneto-ignition 
might cause short-circuiting, and so prevent ignition in the 
engine. In addition to a gasholder, the older type necessitated 
the use of a boiler to generate steam. With the suction type of 
plant the boiler is supplanted by an “ evaporator or “vapor- 
iser,'' which in small plants is built frequently on the^top of the 
producer in the form of a water-jacket, and in larger plants close 
to the producer as a tubular evaporator. This evaporator 
generates the steam required by utilising the waste heat of the 
producer and of the gas. This is of considerable advantage as 
compared with the old system, the bring of a separate boiler 
being dispensed with. The producer’ itself consists of an iron 
shell lined with firebrick, and provided with a suitable hopper. 
Before starting the engine the fuel in the producer is heated by 
means of a blower, which, in plants of less than 150 H.P. capacity, 
may be hand-worked. When the fuel is alight and the gas 
burns well at the test-cock the engine is started, and bj its own 
sucking action draws the necessary air and steam into the pro- 
ducer as required for eaoh stroke. From the producer the gas 
is drawn through the scrubber and an equalising tank to the 
engine. The gas-making process continues as long as the engine 
is moving, and stops when the engine stops. Either anthracite, 
charcoal, ^or coke can be used in suction-gas producers. The 
proper regulation of the supply of steam to air is a matte?' of 
some practical difiiculty when the engine is not working *at its 
full load. If too much steam is introducecl^ the temperature of 
the pjoducer is lowered unduly. Some makers merely insert an 
opening through which the steam can escape ; Dowson and 
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Fig. 10.— Smith ’3 “suction gas plant, 
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others make the engine suck exactly the quantity of water 
needed during one stroke into a vaporiser, in which it is instantly 
and completely converted into steam. The gas made in a suction 
pl^Y^t is similar to that made in an ordinary Dowson producer, 
but it contains a little more inert gas. The thermal efficiency of 
the gas is stated to be 80 to 90 per cent, of that of the coal used. 
When the engine is running under very light load, however, the 
gas produced is much poorer, and the full load should only be 
applied gradually, as the producer must be given a few minutes 
to recover its proper working temperature. Suction plant is 
advantageous where first cost and labour are to be kept down. 

The utilisation of all the foregoing forms of generator gas >may 
be effected in various ways, according as power, heat, or light is 
required. For mechanical power it may be burnt in a gas 
engine, the method being especially adapted for use where the 
demand for povver is intermittent, as in electric light and power 
stations. In large works, generator gas (usually of the semi- 
water class) is made and stored and drawn upon to supply the 
gas engines as may be required ; for small works, suction plants 
are used. In both cases, the wStand-by losses are very much 
smaller than with steam engines. The method of using gene- 
rator gas in a gas engine differs in no essential respect from that 
necessary for the employment of coal gas ; the smaller volume 
of air for explosion, and the lower calorific value per^cubic foot, 
being the only conditions of noticeable difference. The effi- 
ciency attained in a good gas engine burning semi- water gas is 
upwards of 25 per cent. With a heat efficiency of 80 per cent, 
in the gas used, the total effi(*iency becomes about 20 per (^ent., 
Avhich compares favourably with the 10 to 15 per cent, efficiency 
of a steam engine. Tlie use of generator gas for heating has been 
already mentioned under the description of the production of 
its various kinds. Its employment for lighting falls into two 
classes : — (I) Water gas is carburetted with the products of 
decomposition of petroleum* (see Gas making ^ Vol. JI.) ; (2) 
generator gas, usually water gas, is burnt so as to heat a refractory 
material and to cause it to emit light. This principle is utilised 
in the Welshacli light (sec Vol. II.), in which a “ mantle of 
refractory material is heated in a non-luminous gas flame (coal 
gas or water gas) ; the mantle is made by dipping a knitted 
cylinder pf cottofn thread, after it has been washed successively 
in ammonia and hydrochloric acid, into a solution containing, 
chiefly, nitrate of thorium, together with nitrate of cerium, and 
drying at 90"" F. = 32° C. The oxides must^e as pure as possible, 
as foreign matter, particularly iron, considerably diminislies 
* This is now done on an enormous scale. *“ 
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the illuminating cftect. Tlie gas must be thoroughly burnt 
lest carbon be deposited on the mantle and destroy it. The 
Fahnehiclm lighting system is similar in principle : rods of 
magnesia, set in a metal backing to form a eomb, are lieatMl' 
in a Avater-gas llamc and emit a full white light. Tin* magnesia 
rods gi-adually shorten and wear away, and have eventually 
to be renewed. Methods of lighting of this i lass are economical 
of gas, a cheap non-illuminating gas, such as water gas. sullicing, 
and a larger percentage of the total energy of tlie gas being 
obtained as light by such means than by the direcT burning of 
illuminating gas. The chief item of cost is the fieqiuMit renewal 
of the refractorv material to be heated. 

NATURAL GAS is a form of gaseous fuel eontiinal to ])etrol(‘um 
districts where it occurs associated with the crude oil. The 
following analyses""' show its composition : — 
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H, . 
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CO.,, 
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o-s 

01 

0, . 
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11 

0-2 
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The gas issues at great juessure from tlie earth (sometimes the 
pressure is* as high as 70 atmospheres). The natural reservoir 
containing the gas under pressure is tapped (often when sinking 
a shaft for petroleum) in the manner described in the S('c.tion on 
petroleum (</.v.), and is conducted by pipe lines to the place of 
consumption. It is burnt in the way usual for gaseous fuel, 
and is used for all kinds of manufacturing purposes, its freedom 
from sulphur giving it a special value for metallurgical purposes. 
On account of its poverty in heavy hydrocarbons, natural gas 
has a low illuminating value. The density of an average sample 
is 0*5 (air = 1), and its calorific value is about 222 Cal. per 
cubic foot. Besides its main use as fuel, natural* gas has^another 
employment — viz., the preparation of the pigment carbon black, 
which *is made by the imperfect combustion of the gas and 
collection of the resulting soot (see Pigments, Vol. IL). 

* The occuirencc of hoiium, in quantities varying from a tracts to i&early 
2 per cent., in^any samples of American natural gas is of scientitic interest. 
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HYDROGEN has but a limited industrial use. Its chief 
employments are in producing high temperatures by means of 
the oxyhydrogen blowpipe — e.g., in lead burning, iron welding, 
ni^d platinum melting — and in filling military balloons. The 
most convenient method of preparing it consists in acting on zinc 
with dilute sulphuric acid. The hydrogen from scrap iron and 
an acid is always contaminated with hydrocarbons and sulphur- 
etted hydrogen, which arc generally reckoned objectionable. 
Cheaper, but less convenient methods, are — (1) heating a mixture 
of zinc* and slaked lime, the reaction being 

Zn Ca(OH )2 - ZnO CaO H., ; 

(2) heating a mixture of anthracite and slaked lime according to 
the equation 

V + 2Ca(OH), = CaCO. -f- CaO + 2H, ; 

(3) heating iron scrap in a. current of steam, decomposition taking 
place as follows : — 

tv. I 4H,0 FC.JO 4 h 4H,. 

This last reaction can be utilised for obtaining hydrogen by 
reducing steam by means of semi- water gas, through the action 
of iron as an intermediary. Steam is first passed over heated 
iron (as scrap or bar), and hydrogen is produced according to 
the equation gi\’en above. The resulting ferroso-ferric oxide is 
then reduced by heating it in a current of semi-water gas, and 
the reduced iron again oxidised by steam, a further quantity of 
hydrogen being thus obtained. An extremely simple way of 
obtaining both hydrogen and oxygen consists in decomposing 
water (slightly acidifiecl to render it conducting) by means of an 
electric current. The reason why this method has not hitherto 
been adopted, lies rather in the small demand for hydrogen (not 
warranting an expensive plant) than in the intrinsic cost of the 
process.* When both anode and cathode are of un^ttackable 
material — e.g., platinum — 0 and H are both obtained, but by 
using an oxidisable material at the anode — e.g., zinc — H alone 
may be prepared, and, in complementary manner, by using a 
reducible substance such as CuO at the cathode, the H may be 
suppressed and 0 alone liberated. Economy may be sometimes 
secured by such* variation of method. The electrolysis of water 
is now carried out commercially for the preparation of the ggsp.i 

* There miglit be a greater use of hydrogen if the gas could be supplied 
cheaply to small consumers. But the first costtof the steel cyliridejs in 
whiclj the compressed gas is stored, and that of their transport, adds very 
largely to the cost of maldng the gas. • 
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for oxyhydrogen blowpipe work (p. 41). The tank used is 
6 feet long, 18 inches deep, and only 1 J inches wide. A vertical 
plate of iron is placed the whole length of the thin tank, so as 
to keep the gases apart as they are generated. This plate has «. 
rectangular aperture, so as to permit the electrolyte to flow. 
The tank is closed by two rubber blocks between the centre 
plate and sides. The sides of the tank are of iron, and form tlu^ 
anode and cathode. To the water in the tank soda is added, 
and during electrolysis hydrogen is liberated at the c^athode and 
oxygen at the anode. The gases are led off separately from the 
top, passing through a water-seal into gasholders, in eacli gas 
pipe a piece of platinum is kept red hot by an electric (uirrent, 
and this provision removes any traces of hydrogen from the 
oxygen and any oxygen from the hydrogen. Another process of 
theoretical and also practical interest is that devised by Mond 
for separating H from CO in water gas (va.), • 

OXYGEN. — This gas is substituted for air when it is rci^uired 
to produce the highest possible temperature by the combustion 
of a given fuel. The case with which higli temperatures may be 
obtained by means of oxygen is due to the absence of the diluting 
effect of the nitrogen with which tlie oxygen of the iiir is associ- 
ated, such nitrogen having to be heated through the same range 
of temperature as the oxygen and the products of the oxidation 
of the fuel. * Oxygen is especially used when hydrogen is tin* 
•fuel adopted. It is almost invariably prepared from the aii* 
by taking advantage of some reversible reaction. The simplest 
reaction of this class us(‘d for preparing oxygen is that whicli 
oc(nir 3 when barium oxide, BaO, is heated in air to form BaO.,, 
this product, when raised to a higher temperature, liberating 
oxygen and becoming reduced again to BaO. As originally 
carried out on a commercial scale by Brin, barium nitrate is 
heated in crucibles until its decomposition is complete, and a 
porous mass of BaO remains. This substance is heated in iron 
retorts to C. = 1,112° F., and a stream of air, freed born 
CO.j by scrubbing in a lime tower followed by one of caustic 
soda, led over it. Undt^r these conditions BaO,, is formed, and, 
on raising the tempera tun' to 850° C. = 1,562° F., is decomposed 
giving off oxygen which can be collected and compressed into 
steel cylinders. According to more modern practice the retorts 
are maintained at a temperature of about 700° C. = 1,292° ii'., and 
th^^ressure varied. During the period when the pressure is 
about 14^ lbs. above that of the atmosphere, oxygen is absorbed, 
and when the pressure's reduced to about of an atmosphere 
^absolute) — i.e., a vacuum of about 28 inches — oxygen is gi^eu 
off, the procef^s thus resolving itself into alternately pumping air 
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into the retorts, and exhausting oxygen from them. By this 
process only about 8 per cent, of the oxygen which a given 
weight of BaO is capable of absorbing in the formation of BaOo 
ajid subsequently giving up, is obtained in each operation ; but 
the comparative rapidity of the alternate stages of the process, 
and the diminished wear and tear of the retorts, which are kept 
at a fairly constant temperature, more than compensate for this 
drawback. The oxygen always contains some nitrogen — e.(f., 

5 per cent. — and thus is unsuitable for such purposes as require 
the highest temperature of the oxyhydrogen blowpipe. The pro- 
cess is now but little, if ever, used. 

Another method of the same class consists in heating manganese 
dioxide with caustic soda in presence of air, whereby sodium 
manganate and steam are produced in accordance with the 
equation — 

’ MnOo [-2NaOH h O - Na,MnO, + 

The sodium manganate is then heated in a current of steam, and 
Mn./).„ caustic soda, and oxygen are produced, thus — 

^Na,Mn 04 + 2H,0 - Mn.O;* + 4Na()H + 30. 

When the oxygen has been collected, the mixture of Mn.jO ; and 
NaOH may be again heated in air, and this last equation becomes 
reversed. Thus by heating a mixture of caustic sotla and oxide 
of manganese in air and in steam alternately, a supply of oxygen., 
can be obtained from the air. 

A third reaction, greatly resembling the last, is that obtained 
by heating calcium carbonate and lead oxide in a stream of air 
(Kassner’s process). The lead oxide is oxidised, calcium plum- 
bate being produced according to the equation — 

2CaCO;5 + PbO + O = 2CaO . PbOo -}- 2C0o. 

TTie resulting calcium plumbate is moistened and treated with 
furnace gases at a temperature below 100° C. = 21^2° F. The 
(Xlo of the furnace gases attacks the plumbate forming PbO^, and 
CaCO.,. The mixture is then heated in a retort, whereby the lead 
peroxide is decomposed, and oxygen given off, its evolution being 
aided by injecting steam. On raising the temperature of the 
retort, the CaCO.^ is also decomposed, yielding CO 2 (which is 
used in the firct stage of the process in the next cycle of opera- 
tions), '"and a mixture of PbO and CaO is obtained, which on 
heating in air again yields 2CaO . PbO.,, capable of undergoing 
the same series of changes. 

Besides these purely chemical methods^ a process based dn the 
difierence in solubility in water of oxygen and nitrogen — the 
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former being nearly twice as soluble as the latter — has been 
proposed for the commercial preparation of oxygen. By alter- 
nately compressing air over water, and then drawing off the 
dissolved gases from the water by creating a vacuum over its 
surface, a progressive enriihment in oxygen of the resulting 
mixture of gases takes pla(‘e, until after eight absorptions and 
exhaustions a mixture conta.ining 97*3 per cent, of t) and 2*7 per 
cent, of N is produced. 

Another method of separation not depending on delinit-e 
chemical reactions is that which takes advantage of the property 
of an indiar libber membrane of allowing a readier passage of 
oxygf'.n than of nitrogen, the process being known as dialysis. 
It is carried out by maintaining a. vacuum inside a bag made of 
thin indiarubbiu, the air pumped out being found to be richer in 
oxygen than is atmospheric air. By repeating the process, 
a,pp:^oximately pure oxygen '. an be produced. 'l*he method in 
no way depends on the property of diffusion, fdie electrolytic 
preparation of oxygen may be effected simultaneously with that 
of hydrogen (c.,s'.). Xo practical outcome of these methods has 
hitherto taken place. 

Probably the bulk of the oxygen used commer<*ially for 
the synthetic manufacture of nitrates from air) is now made 
from liquid air. 'rhe liquefaction of air is accomplished by 
systematic cooling, advantage being taken of the ftict tha.t when 
an imperfect gas, such as air, expands without doing external 
work, its temperature falls owing to the internal work done. 
This cooling is known as tlie Joule-Thomson effect. 'The amount 
(d) of the cooling in degrees C. is given by the formula — 

/ 273\2 

d = o 270 dh - r,) f “rj ’ 

Avhcrc P, is the initial, P., the final pressure of th(‘ air in atmo- 
spheres, and T its initial temperature in absolute degrees C. 
It is evideiit that the cooling effect is greater, the greater the 
reduction in pressure, and the lower the initial temperature of 
the gas. In carrying out the process according to Linde, com- 
pressed air is cooled by water, and allowed to expand through 
the outer of a pair of concentric tubular coils. In doing so, it 
cools a second quantity of compressed air, contained in the inner 
coil, to a temperature below its own initial tem^eraturiii The 
ain^rst compressed expands into a chamber communicating 
with a ^)ump, which again compresses it, and returns it to the 
inner coil, where it is t^)oled to a still lower temperature by the 
jixpansion of the secoiv.1 portion of air, which has in the mean- 
while been transferred to the outer coil. The process is repeated 
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until liquid iiir is obtained. Of course, influx of heat horn the 
outside must be prevented as far as possible. 

The production of oxygen from liquid air is rendered possible 
by the fact that oxygen boils at a higher temperature, — 297° F. 
(— 183° C.) than nitrogen, — 321° F. (~ 196° C.). Consequently, 
if liquid air is allowed to evaporate, the gas which is given off 
at first contains 93 per cent, of nitrogen, and only 7 per cent, 
of oxygen, the oxygen content of the liquid residue being pro- 
portionately increased. Thus, when about three-quarters of the 
total quantity has evaporated, the residue contains about 50 per 
cent, of oxygen. Much better yields of oxygen than this are 
obtained by systematically fractionating liquid air in vessels 
resembling the dephlegmators used for concentrating alcoholic 
liquids. In these vessels liquid air is made to boil at the bottom, 
the ascending vapours meeting slightly colder streams of liquid 
air, which tru xle down baffle plates placed in the vessels. In 
so doing, the ascending vapours take up nitrogen from the de- 
scending liquid, the less volatile oxygen continuing its course 
downwards. A liquid rich in oxygen is thus obtained at the 
bottom of the vessel; this liquid is usually further treated in 
the same way in a second smaller vessel similar to the first, f^y 
this process it is possible to split up air into two portions, one 
as nearly pure oxygen, and the second nitrogen containing 7 per 
cent, of oxygen. This nitrogen is insually wasted, but occasionally 
finds an application in the manufacture of calcium cyanamide by 
leading nitrogen over heated calcium carbide. In this case, the 
impure nitrogen is further fractionated in a third vessel, the 
operation being conducted so as to yield a gas which is nearly 
pure nitrogen, and a liquid fairly rich in oxygen, which is returned 
to the first vessel. In many cases — e.i)., for furnace work — pine 
oxygen is not desired, and a gas enriched in oxygen up to .30 or 
50 per cent, is made ; such enriched air is often called “ Linde- 
Luft.^’ 

SMOKE PREVENTION. — In connection with the loss of energy 
in furnace gases discussed on p. 83, attention must be drawn 
to the fact that the statement frequently made that the escape 
of much smoke means a large loss of fuel is erroneous. Even 
dense smoke represents less than I per cent, of the total fuel 
burnt. Bad economy is more often the concomitant of a smoke- 
less chknney, which is frequently an indication of an excessive 
amount of air above that necessary for combustion, the wj^-t:- 
fulness of which has been already pointed out. Smtfke-pre- 
vention being necessary on other than economical groi^nds, 
attempts have been made to secure the suppression pi smoke,* 
or to remove it from the furnace gases after it has been formed. 
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The former aim is attained (a) by the use of non-lhtiiminous 
fuel ; {h) by eareful stoking at frequent intervals (the destructive 
distillation of such portion of a heavy charge as does not im- 
mediately ignite being thus avoided) ; (o) by mechanical stokers, 
which effect the same end (h) still better ;* (d) by forced draught 
(often objectionable on account of the surplus air introduced) ; 
and (e) by a secondary air supply at a point beyond the main 
zone of combustion, tlie hot gases and fresh air being led over 
a lire-brick In'idge or some similar device (cf. Coalite, p. 79). 
^Smoke may be removed from furnace gases by washing with a 
water spray, and many modilications of this )uethod havi' been 
devist^d. It is generally more economical to work a. furnace 
somewhat smokily, and wash the products of c:ombustion free 
from smoke, than to attempt to prevent the formation of smoke. 

Frequent analysis of the llue-gases is necessary to cojitrol th(^ 
economical working of a furnace. In the Oi^at a])})aratus 
commonly used for this purpose, oxygen and ca,rl)on dioxide 
arc determined, and, in addition, carbon monoxide, if the latter 
is present. After the best conditions have once been ascertained 
for any one kind of fuel, it suffices to know the amount of any 
one of the constituents of the flue-gases, in order to judge wliether 
the furnac;e is working properly. Carbon dioxide is th(‘ gas most 
usually detej-’inined, and a number of instruments have been 
constructed to determine its amount more or less automatically 
• and continuously. In the older instruments this was done by 
determining the specific gravity of the gases — e.(/., by leading 
the latter through a glass globe partly balanced by a second 
globe filled with air, and partly by weights. The method is 
not very reliable, since the specific gravity of the gases is de- 
pendent, hot only on the quantity of carbon dioxide present, 
i)ut also on that of the water vapour and on the temperature of 
the gases. Better results are obtained by instruments in which 
the quantity of carbon dioxide present is actually determined 
by absorption. The Ados ’’ or '' Sarco ” apparatus, and the 
Bimmancc-Abady “ combustion recorder '' work on this prin- 
ciple. In both the carbon dioxide is .absorbed, by means of 
potassium hydroxide solution, at intervals of a few minutes, 
from fixed volumes of the gases, and the decrease in volume is 
registered automatically. In another form of^ apparatus the 
increase in weight of a vessel containing potassium hc^lroxide 
<1^oda-lime is continuously registered by a delicate spring- 
balancl. In another instrument, termed “ autolysator,'’ the 
redi^tion in pressure fot the gases after passing over soda-lime 
ois determined, the gapses in this case being forced to occupy a 
constant volume. To a third class belongs an instrument devised 



102 


THE CHEMISTRY OF THE SOURCES OF ENERGY. 


by F. Haber, in which the refractive index of the gases is deter- 
mined in a simple manner : a continuous record can be obtained 
photographically. 

Useful information as to the working of the furnace is also 
obtained by a continuous determination of the temperature of 
the flue-gases (cf. p. 114). 

Heating by Means of Electrical Energy.— Energy in the form 
of electricity is obtained from any prime mover, such as a steam 
engine, a gas engine, or a water turbine. It can be converted 
into heat by passage through a resistance which may be gaseous, 
as in an arc, or liquid as in a furnace of the type used in pro- 
ducing aluminium ( 7 .^.), or solid as in a filament. Ele(3tric.al 
furnaces used in chemical manufactures are usually of a mixed 
type, but instances can be cited of each. For the production of 
oxides of nitrogen by burning together the nitrogen and oxygen 
of the air a '’number of arcs are employed ; for maintaining 
the temperature of a bath of electrolyte which must be kept 
fused the bath itself serves as a liquid resistance ; for heating a 
mass of carbon and silica to obtain carborundum the resistance 
of the solids concerned, enhanced by their imperfect contact, 
is adopted. The fundamental condition in common is that 
there shall be a sufficient resistance at the point where the chemical- 
reaction is to be induced, , 

The loss in converting the heat of combustion of ordinary' 
fuel into electrical energy is so large that the application of the-' 
latter to commercial purposes is confined to special cases, but 
these include many of great industrial importance. It may 
happen that the reaction desired requires so high a temperature- 
as to necessitate the use of a method independent of the tem- 
perature of dissociation of the oxides of carbon and of water. 
An example is furnished by the process of manufacture of car- 
borundum already mentioned, or of graphite. The furnace used 
is of the resistance type, and is vshown in the figure. 

No mode of heating by the direct use of fuel is possible for 
this class of reaction. 

Where lower temperatures are concerned, the choice between 
electrical and other methods of heating depends upon practical 
and economical considerations. The reduction of zinc from its 
oxide by heating with carbon requires a high temperature (1,1(XU 
C. = 2;()12‘^ F.), and can be reached by an ordinary furnace, 
but as the heat has to be applied at the outside of a retort 
taining the materials which are to be caused to interac‘c, great 
loss occurs in transmission, and much ♦ damage to the petort 
takos place. These difficulties would be a*roided by an electricah 
method of heating, which could be directed to the charge in the 
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retort instead of the outside of the vessel. In praetice the ad- 
vantage at present lies on the side of heating directly with fuel, 
but the inherent merits of internal heating are so large that an 
electrical method of reduction is possible if the source of electrical 
energy is sufficiently cheap. 

Another example of electrical heating which is advantageous in 
spite of its relatively high cost is afforded by the aluminium 
furnace. Here the main purpose of the current is to deposit 
aluminium electro lytically, but as the electrolysis must be carried 
out in a fused electrolyte, it is found better to use a, part of tlu? 
current in fusing the electrolyte than to attain the same end 
by €^xternal heating with ordinary fuel. A figure showing a 
furnace of this class will be found in section on “ Steel. ’ 

Heating jointly by an arc and by the resistance of the mass 
heated is employed in steel furnaces, such as the Heroult; 
simple resistance heating by a conductor of iTlatively small 
conductivity is exemplified by the Gin furnace. 



Fig. 11. 


A, Brick box ; B, heavy metal holders ; C, oarhoti rods ; D, core* of 
hrokcai coke ; E, charge. 

Obviously the resistance method may Ix' applied to many 
)rts of industTiiil lieating— o.f/., the roasting of ores, tlie baking 
f carbon#, and even more domestic kinds of cooking — provided 
hat the electrical energ}' is cheap enough or that the convenience 
ttending its use outweighs its cost in money. 

REFRIGERATION.— Great advances have been made in recent 
ears in the production of practical and commercially successful 
lachiner}' for mechanical refrigeration. In these machines there 
? a transference of heat from the substance to be^ refygerated 
aj,he cooling agent, which is usually an evaporating liquid oi 
n expanding gas. Certain practical considerations limit the 
hoice of cooling agent. (1 ) It must be able to withstand reason 
■ble changes of temperature and pressure. (2) Its capacity foi 
leat should be large, in order that it may carry off theTieai 
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extracted from the l)ody to he cooled. (3) If the cooling agent 
is a liquid, its vaporising point must be low, it must (!vaporate 
rapidly, and the volume of the resulting vapour must not be too 
large. (1) Its latent heat of evaporation must be as great as 
possible. (5) Its vapour pressures at the temperatures employed 
must be practicable. Ordinary air is very abundant and 
admirably fulfils tlie first condition. Its capacity for heat, 
however, is small, and the machine must be correspondingly large. 
Moreover, a. wide range of temperature is necessary, and experi- 
ence shows that this means a comparatively low efficiency, t 'old- 
air machines, therefore, are apt to be cumbersome and extra- 
vagant. Ether boils at 35*5” C., and at O^C. has a vapour pressure 
of 18*4 cms., and a latent heat of evaporation of 94. At 0 ’ C., 
therefore, it is necessary to evaporate 1,907 lbs. of ether to pro- 
duce a ton of ice (to freeze 1 lb. of water at 0^ C. requires the 
abstraction of.. 80 lbs. "" C. units of heat). Alcohol has a higher 
specific heat than ether, but is less volatile. Opinions differ as 
to the most suitable cooling agent, but the three most commonly 
employed arc carbon dioxide, ammonia, and sulphur dioxide. 
Carbon dioxide is cheap, and needs comparatively small com- 
pression plant. At ordinary temperatures it is liquefied by a, 
pressure of 850 lbs. per square inch. Ammonia has the advantage 
that it is liquefied at a lower pressure — 120 lbs. — but it requires 
a larger compression plant. Liquid ammonia boils*at — 35° C., 
and has a vapour pressure of 318 cm. at 0° C. (f.c., more than four • 
atmospheres) ; it is, therefore, volatilised very rapidly at 0° C. 
Moreover, its latent heat of evaporation is as much as 294, so 
that the evaporation of a minimum of 610 lbs. liquid ammonia 
is theoretically sufficient for the production of a ton of ice. One 
great drawback to the use of ammonia is that in the presence 
of air it will dissolve copper, so that in ammonia machines the 
use of this metal or its alloys must be avoided in any parts which 
come in contact with the ammonia. Ammonia machines are, 
therefore, unsuitable where only sea water is available fpr cooling, 
as the iron pipes which alone can be used are quickly corroded 
by sea water. Liquid sulphur dioxide boils at — 11° C., has a 
vapour pressure of 116*5 cm. (1| atmospheres) at 0° C., and a 
latent heat of evaporation of 95. It is, therefore, a volatile 
liquid presenting considerable advantages, but is somewhat 
corrosive, since^ it is liable to be converted, by oxidation, to 
sulphuric acid. Modern refrigerating machines may be classigjc.1 
broadly thus — (1) Those in which air is used as the v orking 
substance ; (2) those in which some liquid js alternately vaporised 
and liquefied during a cycle of operation^. In the latter class, 
of machine we may restore the vapour to the liquid state by (a) 
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mechanical compression, or (h) absorption, in wliieli the solution 
of the vapour by some other substance acts as a substitute for 
mechanical compression. In all these various systems the same 
general principle is involved. When a gas is compress('(l its 
temperature rises. The converse of this is also the ease. When 
a gas expands, it does work and loses an ec|uivalent amount of 
energy in the form of heat. The heat developed by the ( om- 
pression of the gas (which may involve its liquefaction) is removed 
by a current of cold water. The condensed a,nd cooled gas is 
then allowed to expa.ud in suitable vessels, and the refrig(U'ating 
effect thus produced is utilised in some convenient, way (see also 
Liquid Air, p. 99). 

Cold-air Machines. — A steam engine is generally em])loy(‘d as 
the motive power for compressing the air in tin' compression 
cylinder from atmospheric, pressure, and a tem])(nMtuj‘e of about 
20° F. to a pressure of about 65 lV)s. ]K‘r scpiart* in^h and a. tem- 
perature of 270° F. The com])ressed air is tlum delivered to a 
cooler, where its tem])erature is rcdu(*ed to about 70° F.. and 
a considerable amount of its moisture removed as condimsed 
water by circulation through water-cooled metal tubes. T1 h‘ 
air may then be circulated through a drier, in which a further 
quantity of moisture is removed either by simple cooling in tubes 
or by centrifugal action. The air now passes to the expansion 
cylinder, the temperature of exhaust being about — 80° F. The 
•moisture corresponding to the difference in humidity between 
the temperatures of inlet and outlet is deposited as snow in snow 
boxes, and is regularly removed. The cold air is now utilised 
for cooling chambers or some similar pur})ose, and finally returned 
to the compressor. 

Vapour Compression Machines. — By means of a compressor, 
an easily liquefiable gas, such as COo, Nib,, or »S()^, is condensed 
to a liquid in a condenser consisting of a long coil of tubing 
surrounded by water, which absorbs the heat given out by the 
gas as it liquefies, the warm water passing away and being con- 
stantly replaced by fresh, cold water. The li(piefied gas now 
passes through a regulating valve, to the evaporator, in which 
it is rapidly converted into gas. In doing this it absorbs heat 
from the brine surrounding it, so that the latter is cooled to a 
low temperature. The gas leaves the evaporator, passes again 
to the compressor, and the cycle of operations is repeated^ Ip a 
c^jgmon form of carbon dioxide refrigerating machine which 
can bemused for cooling brine for cold storage chambers, for 
making ice and for ver'ous other purposes, the condenser coils 
^are c*ontained in an ajinular vessel surrounding the evaporator, 
a space fitted with an insulating material being left between \he 
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two. The crank shaft not only works the compressor, but also 
a small pump which drives the cooled brine from the inner vessel, 
and causes it to circulate through the pipes in the cold storage 
rooms. These brine tubes are known as “ grids,” are made in 
long lengths electrically welded, and are generally placed at the 
top of each storage chamber under the ceiling. A 25 per cent, 
s »lution of calcium chloride is commonly employed as “ brine,” 
and is preferred to a solution of common salt, since it does not 
freeze so readily. Such a solution has a specific gravity of 1*22, 
specific heat 0*70, and freezes at a temperature of — 18° F. A 
solution of magnesium chloride is also sometimes used for this 
purpose, a 25 per cent, solution having a freezing point of*— 22° 
F. and a specific heat of 0*70. 

Absorption Refrigerating Machines. — In these machines a 
liquid evaporates under conditions which can be readily main- 
tained, and h[ie resulting vapour is absorbed by another liquid. 
In one of the earliest of these processes — due to Edmund Carre — 
water was used as the evaporating liquid and sulphuric acid 
as the absorbent. Ferdinand Carre invented the “ ammonia 
absorption machine,” which has been improved by various 
inventors until at the present time it is regarded as an important 
type. Its action is due to (1) the aliinity of water for ammonia 
gas, (2) vaporisation of ammonia from its aqueous solution and 
subsequent condensation to liquid ammonia, and (»?) vaporisation 
of liquid ammonia, which produces the refrigerating effect, the? 
gas being again absorbed by water. The following brief descrip- 
tion of the plant used may be of interest : — 

Strong ammonia solution (sp. gr., *880) contained in a “ gene- 
rator ” is heated by steam coils carrying steam at 60 to 75 lbs. 
pressure. Ammonia gas and water vapour are thus driven off, 
and pass into the “ analyser,” in which the bulk of the water is 
retained by means of baffle plates, the temperature of which is 
kept at about 180° F. by circulation of the ammonia liquor feed 
on its way to the generator. The gas then passes through a 
“ rectifier,” w hich reduces its temperature still further, and 
condenses more water, which drains back to the generator. The 
almost anhydrous ammonia gas is then liquefied in a “ condenser,” 
after Avhich it passes through a regulating valve, which reduces 
its pressure from about 160 to 35 lbs. per .square inch, into some 
form «f “ cooler,” where it evaporates and produces the desired 
refrigerating efltect. From the (.*ooler the gas passes thi:;g^^h 
another regulating valve into the “ absorber,” where it is ab- 
sorbed by weak liquor (fi’om the “ generator ”), which ti^ckles 
ov^r water-cooled pipes in an atmosphere /)f the gas. The strong; 
liquor so produced, at a temperature of about 120* F., is finally 
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sent back to the “generator/’ passing en route tlirougli the 
“ exchanger ” and “ analyzer.” In the former the weak liquor, 
at about 270^ F., on its way to the absorber, separated, of course, 
by coils, meets the strong liquor at a lower temperature — about 
120° F. — on its way to the “ generator,” an economical interchange 
of heat being the result, the temperature of the strong liquor 
being raised to about 180° F., and that of the weak lif|Uor reduced 
to about 210° F. 

The applications of refi’igeration arc very numerous, the most 
important being for the transportation and storage of perish- 
able merchandise both by land and sea. It is also extensively 
applieTl in cooling in breweries, when the temperature of the 
“ wort ” has to be kept within certain defined limits, so as to 
allow the fermentation to take place under the proper 
conditions. 

MEASUREMENT OF TEMPERATURE.— rhe fm t that two 
quantities of fuel yield the same quantity of energy on combus- 
tion, does not imply that the energy they yield is of the same 
intensity — that is, that the heat produced is at the same tempera- 
ture. It is obvious that the larger the quantity of lieat evolved 
by the combustion of a given weight of fuel and tln^ smaller the 
weight of the prodiu ts of combustion and ash, the higher will be 
the temperature of the burning mass and of its products iind ash. 
When the weight and the specific heat* of the products of com- 
*bustion are known, it is possible to calculate the maximum 
temperature (the “ calorific intensity ”) which could be jiroduced 
by the combustion of the fuel, when no limiting factor is active. 
In the case of fuel burning in oxygen free from a, diluting gas — 
nitrogen — the calculated temperature is considerably higher 
than that of the dissociation of the chief products of combustion, 
CO.j and H.^O ; when nitrogen is present (as wlien air is used) 
the diluting effect of the inert gas is sufficiently great to lower the 
(‘alculated temperature to about the dissociation tcunperature. 
It is probi»l)le that at industrial high temperatures a portion of 
the gaseous products of combustion is. for a, period at least, in 
a state of dissociation. Owing to the, facts that the specific 
heats at high temperatures of the products of combustion of fuel 
are not accurately known, that the amount of dissociation is also 
uncertain, and that loss by conduction and radiation greatly 
increase with rise of tcTV jierature, the calculation of the nu<«imum 
t?'8#perature that shall be produced by a given fuel is futile. 
Direct ftieasurement is therefore necessary. 

y * This being, of course, •taken at the temperatures conceined, at wbi^li it 
is considerably higlier than at ordinary temperatures. 
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METHODS FOR MEASURING TEMPERATURE mav be 

<;lMssili(‘(l its follows : — 

1. MoaRurement of alteration in volume of bodies. 

2. Observation of cliange of state of substances. 

.'1. Measurement of alteration in electrical resistance. 

4. Measurement of the E.M.F. of a thermo-electric couple. 

o. .Aleasurenumt by optical methods. 

<). Calorimetric measurement. 

1. Takinc; these in order, the first is the method most fre- 
quently used, and is that exemplified by the common thermo- 
meter, ti des(*ription of which is here unnecessary. An ordinary 
thermometer, filled with mercury tind having only mercury 
vapour in the space above the mercury column, is fairly reliable 
up to 300° C. = 572° F. ; but if higher temperatures are required, 
the space above the column must be filled with some inert gas, 
the pressure bf which will raise the boiling point of the mercury. 
Thus, nitrogen-filled thermometers may be used up to about 
400° C. = 752° F., and thermometers containing CO. at a pressure 
of 20 atmospheres to 550° C. = 1,022° F. An alloy of sodium 
and potassium, liquid at the ordinary temperature, has also been 
used, on account of its high boiling point, for thermometers up 
to about 500° 0. = 932° F. The accuracy of a thermometer is 
much influenced by the character of the glass u^^l in its con- 
struction. Ordinary glass contracts slowly after having been 
blown into bulb form, thus causing a rise in the reading of the 
thermometer. Preparation of the bulb years before use decreases 
this defect. Special glass, prepared at Jena, for which freedom 
from this tendency is claimed, has one of the following composi- 
tions : — 



I. • II. lU. 
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07-5 .32*0 * b!)-0 

2*5 .. I'O 

7*0 , .. 7-0 

7*0 3U*0 7*0 

14*0 .. ]4-0 

2*0 y-O 2*0 




Alcohol thermometers are made for low temperatures,* but the 
dilatation of alcohol is by no means as regular as that of mercury. 

The methods of measuring temperatuve Avhich^ depend upoA 
the expansion of solids by heat have but little application, as 
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expansion of most solids is small and irregular. nee<liug multi- 
plication and correction before it can be utilised for measuring 
temperature. Moreover, when used at high temperatures, most 
solids are apt to take a permanent set, impairing siibsecpumt 
observations, unless they are frequently recalibrated. An alter- 
ation of volume by rise of temperature — not due to separation 
of molecules, but arising from increase of aggregation by inci])ient 
sintering, and amounting, therefore, to a contraction instead of 
an expansion — has been used in the clay industries for roughly 
estimating the temperature of kilns. The method, whirh consists 
in observing the shrinkage of a test piece of plastic clay (see 
Claij hfdiistries, Yol. II.), was originated by Wedgwood ; the 
clay test piece is measured, after exposure in the furnace, bv 
dropping it into a wedge-shaped groove. 

Since the expansion of gases, the (aatical temperatures of 
which are much below the ordinary temperature of the air, is for 
ordinary high temperatures approximately rt'gnlar for a given 
increment of temperature (viz., .^1.. of the volume of the gas at 
0° C. for each degree C.), such gases (c.f/., air a,nd hydrogen) may 
be employed for measuring temperatures by their expansion, 'the 
apparatus necessary consists essentially of a bulb of glass, por- 
celain, or platinum, of known volume, which is attached to a 
capillary tube, serving to make connection with the measuring 
part of the apparatus. This bulb is inserted into tlu' spaci^ the 
temperature of which is to be measured, the ca])illary tube 
protruding for observation. The known volume of gas in a gas 
thermometer may be allowed to vary, and its increase of volume 
be measured at constant pressure, or, eonvevsely. the volume 
may be kept constant and the pressure requisite for tins may 
be measured. Certain objections arise to citlier of these plans 
singly. Tims, in the first ease, when the gas is allowed to expand 
under constant pressure, a portion of it is ex])elled from the 
bulb into the measuring part of the apparatus (consisting essen- 
tially of an^ndex of liquid in a graduated tube); this portion 
is no longer subjected to the temperature to be measured, so 
that as the temperature rises, a eontiniiallv decreasing quantit)' 
of gas is being caused to expand in the bulb of the thermometer, 
necessitating a correction ; consequently the delicacy of the 
instrument decreases with rise of temperature (since tlie fraction 
ol.. is referred to the v olume at 0" C.). In thd sccond^ase, 
wHic^ the volume of the gas is kept constant, this objection 
does not* arise, but on the other hand, a moderate rise of tem- 
peratiye — e.g., from 0 |;to 273 ^ C. = 32 ° to 523 ° F. — means a 
l^rge increase of pressure on the bulb, such as one atmosphe/e 
in the case quoted. The considerable pressure thus caused at 
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high temperatures becomes serious when the material of the bulb 
reaches its point of plasticity. To overcome these objections 
a pyrometer has been devised by Wiborgh (Journ. Soc. Cltem. 
Ind., 1889, 214), the principle of which is as follows : — A por- 
celain bulb, connected by a capillary tube to a manometer, is 
exposed to the temperature to be measured. The gas within it 
is allowed to expand and escape until the temperature of the 
bulb has reached that of the furnace in which the apparatus is 
used. A measured volume of gas, representing a known fraction 
of the volume of the gas in the pyrometer bulb, and being at 
a known temperature lower than that of the bulb (e.g., the tem- 
perature of the outer air), is then forced into the heated bulb, 
and the expansion consequent on the rise of temperature of this 
air is measured by the pressure required to balance it : this 
pressure is obtained by raising the mercury in the manometer 
tube, and gives the necessary data for calculating the temperature 
of the main bulb of the apparatus. The following expression 
will represent the application of the data : — 


V 


V =r. H 


+ V. 



h 


T is the temperature to be measured, t that of the portion of air 
forced into the bulb, V the volume of the bulb,*V, the volume 
of the air forced in, H the pressure of the atmosphere at the time 
of observation, and h the pressure required to balance that of 
the air which has been forced in, after it has expanded. 

The apparatus necessary is represented diagrammatically by 
the accompanying figure, in which V is the bulb of the instrument, 
B the manometer tube, — m the volume of gas driven in, 
and Ii the height of the column of mercury in the manometer 
balancing the increase of pressure. K is a collapsible rubber 
ball serving to inject the gas and to adjust the manometer level. 

By such an arrangement the objections that are yalid against 
the two types of gas pyrometers described above are avoided. 
For although during the measurement the volume of heated gas 
is kept constant, the ' increment of pressure to be measured is 
not large, depending, as it does, on the volume of the small 
quantity of air introduced before each measurement. 

thermometers are available through a large range of tem- 
perature, serving both as low temperature thermometers^ nd 
as pyrometers, a term applied to thermometers for measuring 
high temperatures. An alternative njethod of applying the 
expansion of a gas for the determination of temperature,* whiqji 
requires no special apparatus, consists in heating a refractory 
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vessel of known volume, containing hydrogen, jiir, or iodine to 
the temperature to be measured, sealing the exit end of the vessel, 
and ascertaining the quantity of gas remaining in the vessel ; 
this determination may be effected either b}^ direct weighing of 
the sealed globe ; or, for air and hydrogen, volumetrically by 
sweeping it out with a current of hydrogen chloride and measuring 
it over water (in which hydrogen chloride is soluble) ; or gravi- 
metrically for hydrogen by oxidation and \\eighing as ssater. 
The use of iodine presents the advantage that its vapour is heavv ; 
but as it dissociates above 1,000^" C. = 1,832"' F. it cannot b? 
used at high temperatures. 

In yet another method, whirh can be made continuous in 
operation and capable of indicating 
results at a distan(*e from the fur- 
nace, air, heated to the temperature 
to be measured, is ])assed through a. 
small orifice, cooled to a known tem- 
perature, and then passed through 
another small orifice of the sanu^ 
dimensions as the first. The volume ( ^ ' 

of the air passing both orifices' is the 
same at the orifices, but within the 
intermediate space it undergoes a b 

contraction r«^istered by an altera- 
4:ion of the pressure which the air 
exerts. This pressure is indicated on 
a manometer, if necessary at a dis- 
tance. This method is not used now. 

It should be said that temperature 
measurement by the gas thermometer 
is still the fundamental method. It 
is too cumbersome, however, for 
technical work ; and since it has Fig. 12 . 

been showi^ that both the resistance WibcigJi’s i*yn>mctiM. 
and thermo-couple methods (v.i.) v, JiuJb ; F>, manomcicr ; 

give results almost identical with volume of injected 

those of the gas tliermometer, these height of mercury ; 

methods have been widely used, and 

have served, in their turn, to standardise the more recent optical 
methods. • ^ 

ih This method depends upon the fact that the change of state 
of a pui^ substance occurs at a constant temperature when the 
pressure is constant. U usually consists in observing the be- 
haviour of substances yt known melting point or boiling point, 
when a test pi^ce of the substance is exposed to the temperature 
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to be mciisiired. An exMmple of the method is "ivcn in the 
seetion on CUvj Industries, Vol. II.. under the head of Se/jers 
Normal Cones. Alloys of silver, fiold. and platinum of known 
melting point are also sometimes used. '^Sentinel pifromefers,*’ 
mixtures of alkali salts of definite melting l)oints, liave been 
applied in the thermal treatment of steel. 

The following figures constitute a fair range of temperatures 
which can be determined in this way : — 






Cent. Fahr. 

Lead, 



m.p.. 

325^ = 1)17" 

Mercury, . 



b.p., 

358'’ ^ ()7(C 

Zinc, . 



m.p.. 

4 UP 78(i’ 

Sulphur. . 



b.p.. 

444" - 831^ 

Boric anliydridc. 



m.j>., 

577" -- 1,07 r 

Potassium iodide. 



m.p.. 

034" - 1,173’ 

,, bromide, 



m.p.. 

009" T.: 1,290’ 

„ , cliloride. 



m.p.. 

734" - 1,353’ 

Sodium chloride. 



m.p., 

800" - 1,472 

,, sulphate, 



m.p., 

883" = 1,1)21 

Zinc, . 



b.p. (circ.). 

934 ’ -- 1,713 ’ 

Silver, 



m.p.. 

900 ’ 1,760" 

Gold, 



m.p.. 

1,002" ^ 1,944 ’ 

Potassium sulphate, 



m.p.. 

1,070". -=,1,958 

Copper, 



m.p.. 

1,083" = 1,981 

Palladium, 



m.p.. 

1,535" 2,795 

Platinum, . 



m.p., 

1,710" -= 3,110 

Iridium, 



m.p.. 

2,20:>^ 3,907"* 

Tantalum. 



m.p.. 

2.250" = 4,082 ’ 

Carbon, 



m.p. (cire.). 

3,500" = 0,332 


3. The electrical resistance of a pure riietal increases with the 
temperature, a fact which has been utilised for the determination 
of temperatures by measuring the resistance of a platinum wire 
exposed to the temperature to be ascertained. The modern form 
of the instrument is due to Callendar and Griffiths. It is shown 
in diagram in Fig. 13, and consists essentially of a fine platinum 
wire, P, wound on a mica frame, and enclosed in a doubly-glazed 
porcelain or in a cpiartz tube. This fine platinum ,wire is con- 
nected to two stouter wires, which terminate in screws at the 
base of the actual pyrometer tube, where they are joined to 
ordinary copper leads. ’ In order to allow for the varying resist- 
ance of the leads, two platinum wires, L, exactly similar to the 
first two, but directly connected together, are placed in the 
pyroitteter tubt>, and joined at its end to two copper leads similar 
to the other pair. The four copper leads are connected to#»a 
resistance box of the usual pattern. In the diagram, C kidicates 
the Weston cadmium cell generally uijed to give a constant 
current, G the galvanometer, B the bridge itself wdth its sliding 
According to Nernat ; Rasch gives 2,28r>°_C. = 4^145° F. 
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contact, and two equal resistances in two arms of the 
circuit, and R.^ another resistance partly balancing that of the 
fine wire P in the third arm. The resistance of the fine platinum 
wire is usually determined at two known temperatures — c.g., 
0° and 100'^ C. (32^ and 212*^ F.) and at the unknown temperature. 
As the variation in the resistance over a. known range is thus 
determined, and the resistance of platinum varies according to 
a known formula, the. unknown temperature can be (‘omputed. 

1. When a junction of two dissimilar metals is heated to a 
temperature above that of their remote ends, an electrical current 
is generated in any circuit connecting them, the E.M.F. of which 
is pr(5p()rtional to the difference of temperature between the 
heated junction and the porti^ms of the metal ])ieces which 
are kept cool. The measurement of the E.M.F. will, therefore, 
servo as a measurement of this differ<mce of lemjH'rature. This 
principle has long been 
used in the case of the 
thcnnopilc, whi('h consists 
of several such thermo- 
electric couples arrangxal 
so that one set of junc- 
tions to be heat^d may b<^ 
exposed to tl^e soina e of 
heat the temperature of 
Vhicli is to be measured, 
the other set being allowaal 
to remain cold, (»r inten- 
tionally kept so. 'rint 
older forms of tliernmpile 
\vere made of metals 
giving an E.M.F. rela- 
tively considerable — c.g., bismuth ami antimony. Tin* fusi- 
bility of these substances prevented their apjilication to the 
measureme»t of high temperatures. For pyronietric work, a 
couple consisting of platinum and an alloy of platiiuun witli 
10 per cent, of rhodium or 10 per cent, of iridium is used. The 
former (am be used u[) to 1,600^ V. (2,912 ' F.), whereas the latter 
is accurate only up to about 1,100° (J. (2,552° h.), but it has the 
advantage of giving a higlier E.M.F. than tlie first, and is^ery 
widely used. Besides these, a copper-constantaii * couple with 
a^iigii E.M.F. is used for temperatures up to 500° C. (932° F.), 
and iroif-carbon or nickel-carbon are occasionally used (for the 
sake <if cheapness) at ir^^^ermediate temperatures. The couple is 

* * Constantaii is an alloy containing 60 per cent, of copper and 40 of 
nickel. It is used for r(?.sistaiice ware a.s well a.s for fht'rmo-couples. 
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exposed to the temperature to be measured and the current 
generated is passed through a high resistance reflecting galvano- 
meter, the deflections of which are proportional to the E.M.F, 
of the current (on ac.count of the high resistance of the circuit), 
and, therefore, vary with the temperature to which the couple 
is exposed. The instrument is calibrated by immersing the 
junction in substances of known fusing point. Both resistance 
and thermo-couple pyrometers lend themselves to continuous 
recording of temperature. This was formerly effected photo- 
graphically, but is done mechanically in all modern instruments. 
For this purpose, the galvanometer needle is depressed at fixed 
intervals of time against a cylinder of scpiared paper revolved by 
<*lockwork ; by the aid of an inked ribbon or thread a fixed 
yioint on the needle makes a mark on the paper, which indicates 
the temperature. 

Electrical pyrometers are used for vsuch purposes as tlic deter- 
mination of the temperature of the hot blast from (•owper’s 
stove (see Iron), annealing furnaces, flue-gases, cold-storage 
rooms, etc, 

5. Optical methods of measuring temperatures are linding 
increasing application to furnace work. A rough estimation of 
temperature by the eye has long been in use in The arts, but the 
estimated values were much too high. In the following table, 
the usual technical names and the corresponding measured 
temperatures are given : — 

(.'ent. Kahr. 


Just visible redness, 
Dull red, . 

ClK'rry red, 

-Bright red, 

Orange, 

Liiiht yellow, 

white. 


475^^ C. - 878° F. 

r),7()J)2.5° - 1,022-1,157^" 
700° - 1,292° 

850° -- 1,5(32° 
900-1,000°= 1,052-1,832° 
1,050° = 1,922° 

1,150° = 2,l(-)2’ 


This method of judging temperatures is too subjective to be of 
much value. 

Lc Chatelier was the first to attempt the measurement of the 
light emitted by incandescent bodies photometrically, and more 
recently several instruments have been constructed which measure 
high temperatures with an error of only about 10° C. = 18° E. 
orioles. They all depend on the Stephen-Bolzmann law, according 
to which 

E = K (T^ - V) ; 

where E is the total energy radiated byva body at absolute tem- 
perature T to surroundings at absolute temperature Tq, and 
K is a constant depending on the units used. Idiis law is true 



MEASUREMENT OK TEMPERA rrHE. 


115 


. only for the light iMdiated by a perfectiv ])la('k body, bright 
bodies radiating less light. It has been shown, however, that 
hollow furnace chambers of even temperature, even when tilled 
with dame, behave as bhu'k bodies, provuled that the observation 
hole is small compared with the distance to tlie nearest solid 
body behind it. .Moreover, in many industrial cases, onh' com- 
parative measurements arc desired, and in such cases wliat is 
known as the black-body temperature *’ — /.c., the tempiu'ature 
of a bright body indicated o})tically^ — a.ll hough <*onsRh’rablv 
below the real temperature of the bright body, will give accurate 
comparative indications. Idie distance of tii(‘ instrument from 
the hot body or furnace a.perture is of less importance than might 
a.t first sight be supposed. In practice the image of the hot 
body is never focussed to a ])oint ; hence, as long as the image 
formed is suiliciently large to ovi'rlap tlu* s[)ot vii^wial or the 
|)oint of the thermo-couple (r./.), its actual size and conscapiently 
the distanc(‘. from the hot body is of no import a.nc(\ d\) secaire 
this, the size of the hot body should bear a certain minimum 
relation (stated with each instrument) to the distance (d the 
pyrometer froin it. 

As regards the actual instrument used, in Wanner’s iiyrometto’ 
the light from flie hot body is polarised, and that part of the 
light eorrespoijding to Fraunhofer’s line (red liglit) is compared 
with similar light obtained from a small electric irKaindescent 
•lamp. To avoid errors due to changes in the carbon filament of 
the latter, it is companMl, from time to time, with the light 
emitted from a standard amyl acetab^ lamp. In the F^ry radi- 
ation pyrornetei', an image of the hot body is focussed on to the 
end of a copper-constantan thermo-coupie, which is coimect(‘d 
with a galvanometcu*. This form of instrument is often used 
with a recording arrangement (p.,s*.). Tlie Fery absorption pyro- 
meter is a less acamrate instrument, in which the light from the 
hot body is brought to tiie same degree of intensity as light from 
a standard^lamp by interposing a pair of wedges of absorbing 
glass to a greater or less extent. The first two pyrometers, on 
account of their freedom from breakage an<f comparative accuraev, 
are widel}' used ; the third form is occa.sionally useful for measur- 
ing the temperature of small but intensely hot bodies — e.f/., 
electric light filaments. For measuring tempe;*atures ajj^ve 
2,000° C., all three instruments are provided with reducing 
dfaphragms, or standard absorbents. 

0. A Tnethod differing essentially from any of the foregoing is 
the calorimetric methodt in which a given weight of a substance 
•f known specific heat? is raised in temperature to that to be 
measured, and then cooled by immersion in a known weight of 
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water, the rise of teaiporature of which is ascertained. The 
most suitable substance for this purpose is platinum, tin* s{)ecific^ 
heat of which is known with fair accuracy between O'* C. and 
1,20()^ C. = 3*2" and 2,192'' F., bein^ 0‘()3350 at the former tern-' 
perature and ()'038l8 at the latter. This method is naturally 
discontinuous unless several apparatus be employed in 
succ(?ssion. 

A modilication consists in the use of a stnnim of water of 
known tem})erature oirculatin<i throujrh a. copper tube coiled in 
the space tli(‘ t(mip(‘raturc of which is to be dctermiru'd. By a 
knowledj^e of the (piantity of water flowiiifr, of the difl'erence of 
its tem])(‘rature at inilnx and efllux, and of the specific heat of 
water, the number of calories imparted through the copper tul)(‘ 
can b(? ascertained. This can be translated into temperatun^ 
after tlie indications of the instrument have been slandardis(‘d 
by observing iVs readings in a furnace, the tem])(‘ra.tur(‘ of whic-li 
Is gauged by its ability to fuse substances of known ineliinii 
point. A variation of this method, especially apf)licable to hot 
blast stoves, consists in diluting the hot blast with a known 
proportion of cool air of known tem])eratur(‘ and reading the 
temperature of tin* mixture. 

Wiborgh’s thermophones do not belong to any of the above* 
classes. They consist of small cylinders of fm^ch.^y oi* graphite 
filled with an explosive mixture, and ex})lode with a sharp report 
when thrown into a furnace, at the end of an interval of time' 
corresponding with the temperature. 

Since mod('ru methods of pyroinetry, especially the use* of the 
thermo-electric apparatus, have been availabh*. it has be(Mi found 
that most industrial temperatures are lower than was formerly 
supposed. The followiii'i are given on the authority of Le 
Chateli(.*r : — 




Criit. 

Fahr. 

Melting jxiint ol grey east iron. 


. 1,2'20 

- 2,228 

,, ,, ingui iron ((.' -- O' I. ju'r 

cent.). 

I.'IT.) 

'2,087 

„ ,, liard steel ((J - O’ll per 

cent.). 

1,410 

2,.’n0 

Eessenier convert (M- (at linish), 


. 1,.")S0 

-- ■2,87t) 

Oju'n hearth stec'l furnace (,at ttinping). 


. l,:>8o 

2,870 

CruoibU* st(*cl furnace. 


. I,(>(I0 

. 2,912' 

Ihiddling (temperatun* of bloom), . 


. i,;j;io 

2,42t) 

J31ast furnace (in frtmt of twyer). 


. i,o:jo 

-t 3,r)0t> 

Cruij^le glass fui’naee, . 

8iemons’ tank glass furnace, . 


. l,:nr» 

- 2,507 


. 1,400 

- 2,552 

Hard porcelain furnace, . 


. 1,370 

-■ 2,498' t 

Incandescent carbon lani}) (ilament,. 

I, sot) 

to 2,100 

: 3,270 , to 3,812 


* Those figures, wliicli were obtained in 18tf2. ure retained iiere Chiefly 
their historical interest. They have been wt^l conliriuiid, on the wholc^ 
by more recent measurements. 
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DIRECT CONVERSION OF CHEMICAL ENERGY INTO 
ELECTRICAL ENERGY. — Certain chemical reactions, capable 
of causing evolution, of heat, can be made to take, place under 
such Conditions that a portion of the heat appears as electrical 
energy. Thus, when 65 grams of zinc are dissolved in dilute 
sulphuric acid under ordinary conditions 37 Cal. a.re evolved, and 
no current which (am be utilised is generated. Wlien, however, 
zinc is allowed to dissolve in a cell containing a. piece of 
])Iatinum,* and is connected with this platinum by a,n external 
wire, a smaller (piantity of heat is ev^olved in tin* cell, and the 
balance of the energy represented by tlic 37 Cal. due to the 
dissolution of the zinc appears as electrical energv in the wire. 
That fraction of the chemical energy liberated by the dissolution 
of the zinc which appears as electrical energy varies according to 
the nature of the substance used as the opposing electrode. When 
this substance is chemically inert, as are platinum and carbon for 
instance, the fraction of energy converted into (dectrical energy 
is large, the reverse being true when the substance forming the 
opposing electrode is comparatively active — c.f/., copper. Since 
the action of a simple cell causes a film of liydrogen to be deposited 
on the plate opposing the zinc, this plate becomes, to all intents 
and purposes, equivalent to one of hydrogen, a substance less 
inert than tl^ subjacent material. The fraction of chemical 
^energy converted into electrical energy by a cell having a plate 
thus “ polarised '' by a film of hydrogen is smaller than that 
proper to the ( ouple originally composing the cell. Mechanical 
<levices, such as roughening the platinum, and thus preventing 
the attachment of hydrogen, are moderately ehcctive in miti- 
gating this drawback, 

A given quantity of zinc, dissolving under such conditions 
that it generates a current of electricitv, always pi’oduces the 
same quantity of electricity, but the pressure at which this 
quantity is delivered varies according to the nature of the elec- 
trode opposing the zinc, an unattackable electrode giving a 
higher electrical pressure (E.M.F.) than one susceptible of 
attack. It must be remembered that Siectrical energy is the 
product of a quantity of electricity into electrical pressure 
(quantity X E.M.F,). Whence it follows that as the quantity 
is constant for the dissolution of a given weight of zinof-^he 
corresponding amount of electrical energy produced varies 
directly^ with tlu^ E.M.F. of the couple (zinc and tin* opposing 
electrode). 

^ Th? dissolution of in dilute sulphuric consists, in effect, 

* Which .shouid be platinised to facilitate, by the loiighness of the suiface, 
the escape (d hydrogen due to the dissolution of the zini*. 
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in tho oxidation of zinc accompanied by tlie reduction of wat^'r 
with liberation of hydroj^en. For simplicity’s sake. th(‘ small 
energy changes due to the subsequent formation of zinc sulphate 
need not be considered here. The energy available for con- 
version into electrical energy in a simple cell, in which zinc is 
thus dissolved, is, therefore, measured by the difference b(‘twe(Mi 
the heat of formation of ZnO and of H./l * (85’8 --- ()8*1 = 17*1 
Cal.). It is plain that if the hydrogen can be prevented from 
escaping free from an electrical cell, but. on the contrary, is 
burnt in the cell, the minus quantity in th(‘ above equation is 
reduced or eliminated. This condition is s:ecured by tlq‘ ust* 
of compound cells, in which the hydrogen that would othei wise- 
appear at th(‘ electrode opposed to the zinc is suppress(‘d tluTeat 
by a suitable oxidant. Such a suppression of hydrogen not 
only yields a Jarger fraction of the chemical energy as electrical 
(‘nergy, but obviates the necessity for ])reventing polarisation of 
the electrode opposing the zinc by moans of nuM lianical rough- 
ening of the j)late, for depolarisation is elTected pari pasm with 
the suppn^ssion of the hydrogen. 

The Daniell cell is a typical compound c(dl. It consists 
of zinc in zinc sulphate or dilut(‘. sulphuric acid, and coi)per in 
copper sulpha t(‘, the two licpiids being separated by a porous 
])ot. The fuiida mental chemical changes consist in tlie dissolu- 
tion of zinc in tin* form of sulphate in on(‘ com[)artm('nt, and the^ 
deposition of co[)per from the sulphate, in tin* nudallic state in 
the other com})artnn‘nt : the balancf* of chemical energy csi.})abl(* 
of conversion into electrical eiuTgy is re])resented by tin* dilTer- 
ence between tin* heats of formation of ZruSO, and (JuSO,.'^' in 
solution — tliat is, '2-18*5 -- Jt)8*l —50*1 Cal. In this case tlie 
hydrog(*n is siqipressed by the action of tin* e()p])er sulphate in 
the copper compartment of the cell, and its eijuivalent of copper 
is precipitated upon the copiier electrode* : the whole* of tin* 
energy represented by the hydrogen is, therefore, not utilised, 
as copper is reduced in its place*. Feir a eell thils working, 
with elimination eif eeipper insteael of hydrogen, the Daiiie*!! 
cell is remarkably efiicient, inasmueh as the (juaiitity of 
electricity corresponding with the dissolutiein e>f a. given weight 
of zine* is delive*red bv this cell at the maximum peissibb 

Since the e hemie'al energy of a Daniell eell is eepiivalent Jo 
50*1 Cal. for the dissolution of ()5 grams of zine-, and since 1 unit 
of electrical energy (I unit of epiantitv x I unit of pressure) 
is equal to 0*241 gram unit of heaft^ the electrie al f*iiergy 


* Molecular quantities, expressed in griinis. 



CONVERSION OF CHEMICAL INTO ELECTRICAL ENERGY. 


corresponding with the chemical energy of a Daniel I coll is 


50- 1 X lOCHJ 
0-241 


207,!M)0 (nearly) electrical unitsi of energy. 


Seeing that 1 gram equivalent (32*5 grams) of ziiic, in accordance 
with Faraday’s law, corresponds with 96,540 units of electrical 
quantity (coulombs), the E.M.F. at which this electrical quantity 
must be delivered in order to be equal to the total electrical 
energy is 

207 0(J() 

\ units of electrical pressure, tliat is, volts. 

, 0h,o40 X 2 ‘ 

Other forms of compound cells are used in which zinc is the 
metal attacked, and thus employed as a source of energy, whilst 
the opposing electrode may be composed of various materials, 
and be immersed in several distinct depolarisers. Thus, the 
Grove cell consists of a plate of zinc immersed in dilute sulphuric 
acid and one of platinum immersed in strong nitrit* acid, the 
two liquids being separated by a porous cell. The Bunsen cell 
is identical with the Grove, save that carbon is substituted for 
platinum. In both cases the hydrogen that tends to appear 
at the unattached electrode is oxidised by nitric acid, and serv('s 
as a direct source of increased E.M.F. in the manner described 
above ; since, however, the reaction causing the oxidation of 
the hydrogen involves separation of no substance possessing 
(as does the copper in the Daniell cell) any considerable amount 
of chemical energy, a larger E.M.F. (1*9 to 2 volts) is obtained, 
and a more complete conversion of the chemical energy of the 
zinc into electrical energy is secured. 

Other Ynaterials that are unattacked by strong nitric acid — 
e.(j., iron and aluminium — may be substituted for carbon or 
platinum, but are generally less convenient and reliable. 

Chromic acid is sometimes used as a depolariser and as an 
oxidant f^r the hydrogen, and has the advantage Si being avail- 
able in a simple cell, because, unlike nitric acid, it has no violent 
action on zinc and can be allowed direct contact with this metal 
as well as with the opposing plate, usually carbon ; thus a 
bichromate cell in its simple form consists merely of a zinc plate 
and one of carbon immersed in a solution of chromic acid, to 
which has been added sulphuric or hydrochloric at id. An BfM.F. 
t)f about 2 volts is thus obtained, and the internal resistance 
of the* cell may be made very low, as no septum is requisite. 
Buf^s the zinc dissolves to some extent, if exposed to the chromic 
I acid mixture, even \Mhen no current is being used, a porous^ pot 
surrounding the carbon and containing chromic acid solution is 
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an advantage, the zinc in this case being immersed in dilute 
hydrochloric acid. If the porous pot is dispensed witli, the 
zinc is always witlidraavn from the solution wh(‘ii the battery is 
not in use. Such “ jdunging batteries are used for discon- 
tinuous work. 'I’lio oxidation of liydrogen by chromic acid 
results in the forma, tion of chromic sulphate when sulphuric 
acid is present, and chromic chlorid(‘ wlien hydrochloric acid is 
used. In tlie former case, should bicliromate of potash have 
been taken as the source of chromic acid, hard crystals of chronu' 
alum (KCr(S().,).. . 121 l.X)) are formed and adlu^re to tlie ])lates. 
impeding the action of tlie battery. The iis(‘ of chromic acid, 
or of hydrochloric ac id in ])lace of sulj)huric acid, is, tli(‘refor(‘. 
fU’eferable. 

A form of cell in which a solid depolariser is used is llu' 
Leclanche, which consists of zinc immerstal in a solution of 
ammonium chloride, and carbon, surrounded with fragments of 
manganese dioxide, in the same solution. The fuiudion of the 
manganese dioxide is to oxidise the hydrogen which would 
otherwivse appeal* at th(‘ carbon ; the lower oxide of manganese 
thus produc(‘d is re-oxidised by atmospheric* oxygen, which thus 
becomes the true de])olaTiser. The fact that the* la'clanclie cell, 
when used for a considerable out})Ut of current, spc^edily l)ecom(‘s 
exhausted and recovers its efficiency on standing, Jonds sup})ort 
to this view of the action of the mangane.se dioxide, 'the chcunical 
reaction concerned in the dissolution of zinc in ammonium 
(ddoride results in the formation of zinc cldoride, ammonia, 
and hydrogen, '^riie last named is oxidised as stated above, 
whilst the ammonia and zinc chloride when prc'sent in considerable 
quantity, as in an exhausted battery solution, combine to form 
the compound ZnCl, . N.lf..;A(i, which separates in needle-shaped 
crystals. The E.M.F. of a Leclanche cell is about 1 A volts. 

Zinc is sometimes used in alkaline exciting licpiids, this plan 
b(‘ing fea.sible on account of the solubility of zinc oxide; in caustic 
alkalies. A cell of this type is formed by zinc in c{i#asti(* soda 
and carbon in the same liquid, the depolari.ser being cupric oxide, 
which is reduced to metallic, copper, 'the K.M.F. is comparatively 
low — under 1 volt. 

AVhenever zinc is used in a galvanic cell, excited by an acid 
liquid, it is economical to amalgamate, the zinc — that is, to coat 
it wTPfrmercury.' The reason for this treatment i.s that commercial 
zinc contains impurities, notably lead, which are electro-negativtr 
to it, and with it form local couples which cause the dissolution 
of the zinc without contributing to the maiji output of electritity. 
The, action of the mcrcurv’ appears to be to dissolve the surfaci 
layer of the zinc, and thus to render all parts uniform in texturi 
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am] (•<)m])ositi()n. 'Flia dilYtTom o in holiavioiir l)ot\vo(‘u nmiilga- 
mat('(] zinc and zinc not thus troatod is shown hy the fact that 
when iinnicrsi'd alone in dilute sulphuric acid the aiualgaiuateil 
zinc is not perceptibly attacked, wheivas the unanialgainated 
metal is freely dissolved. 

In a properly arranged cell the chemical energy of zinc can be 
almost completely converted into electrical energy, but the 
money ('ost of the zinc, together with that of the necessary 
exciting and depolarising liquids, is prohibitory of its cmiploy- 
ment as a source of energy on a commercial scale. 

A comparison of the. energy available^' for mechanic'al work 
obtained by burning zinc in a galvanic cell and carbon beneath 
a boiler, gives the following results : — (35 grams of zinc used in 
a Daniell’s cell (which would probably cost least, of all known 
combinations, for depolarising solutions) will give electrical 
energy equal to 50-1 Cal.* This is convertible, wkh a loss not 
exceeding 10 per (*ent., into mechanical work by the use of an 
eleetri(5 motor, the final output being, therefore, an amount of 
mechanical work equal to 45'] Cal. The same weight of carbon 
will give 520 Cal. wdien burnt ' about 10 per cent, of this energy 
— that is, 52 Cal. — is convertible into mechanical work through 
the medium of a ‘boiler and steam engine. From this it will be 
seen that, eveUpWerc the cost of carbon and zim^ per unit weight 
identi(;al, the balance of advantage* would be on the side of the 
farbon ; as a fact, the cost of zinc- is about fifty fimes that of 
<'arbon in the form of coal, a relation which shows that the com- 
mercial adoption of zinc as a source of energy is inq^racticable.t 

Attempts to utilise the chemical energy of iron for the direct 
production of electrical energy have led to but little result, on 
acc'ount of the impossibility of amalgamating iron and the conse- 
quent uncontrollable rate of dis.solution in acid wdiicli occurs 
■when iron is used as the attackable plate of the cell. 

Aluminium, when used as a source of electrical energy, has 
the advantage of a high heat of oxidation, a high valency, and 
low atomic weight (involving a large output of energy for a 
small weight of metal), and a low specific gravity. It is difficult 
of application, because wdien amalgamated its rate of dissolution 
is increased instead of being controlled. 

* If oxidiaetl directly witiumt causing the reduction of ^^n (‘(|uivaI(*pU' f 
co^ipcr, an increas<‘d — -viz.. S."> Cal. (Zn,(f ■ So Cal.) — would lx- 

obtained, but n(» cell is known vvbieli is capable of using air as a d(‘j)olai i-ei- 
for continffoas working. 

t lSii^*e the ])roduct of the oxidation of zinc (ZiiO) is of more money value 
than that of the oxidation (;arboii, projeet.s have been formed to prepare 
zme white by the oxidation of zinc in a cell, utilising the electrical ciiei;^y 
as a bye-])roduct, but* they have not proved remunerative*. 
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Tlu‘i‘(‘ is no inluMont roasoii wliy tlie ('luMnicul (•n(‘r»iy evolved 
by the oxidation of carbon should not be dinjctly converted into 
electrical eiKTjiy. 1£ this could be done with (?ven moderate 
success, a higher output of mechanical work than the 10 per cent, 
now commonly obtained from the coml)ustion of coal, could be 
readily achieved, for the use of an electric motor allows of an 
output of about 00 per cent, of the energy supplied to it. Attempts 
in this direction have already been made. The type of apparatus 
used consists of a carbon ])late immersed in fused sodium nitrat<‘. 
oppos(‘(l to an iron plate in the same li(|uid. LTider these con- 
ditions tlie carbon is oxidised at the expense of the nitrate, 
whilst th(‘ iron is oidy superficially attacked. An out^nit of 
about 30 per c(‘ut. of tin* calculated possible ((uantity of electrical 
energy lias been thus obtairn'd. The chief dilhculties in utilising 
such an aiTangement a.r<‘ the irregulai* oxidation and disinte- 
gration of tbe (‘arbon. It is obvious that the nitrate is used 
])ending the achievement of success in employing the o.xygen 
of the air as an oxidant for the (;arbon ; the cost of the process 
is much enhanced by this use of a. comparatively expensive form 
of oxygen. 

A secondary cell is one which can be r(‘g(m(‘rated, al’ti'r it 
has furnished its full output of curnmt. by »the ])assag(‘ of a 
eurrent from an ext(*rnal source in th<*. reversi' direction to the 
original current : the original condition of th(‘ plat(‘s is thus 
n'Stored, and the cell made fit for a further output ; such a ceK 
can be used for the storage of em'rgy (Storage cell). 

Any one of the primary cells, sucli as hav(^ be(‘n described 
above, if d<‘pending for its action upon chemical changes which 
<‘a.n be reversed by the passage through the cell of a current of 
electricity from an external source, in .a direction the reversi* of 
that taken by the cmTcnt generated by th(‘ coll itself, can be 
empl(»yed as a, secomhiry or storage cell (accumulator). Thosi* 
cells in which zinc is the attacked metal (unless used in alkaline 
solutions) are not suitable for employment as seciiiidary c(‘lls, 
because zinc is not readily d(‘posited from a solution containing 
a mineral acid, so that the chemical change iiidneed by a reverscvl 
cuTTent will take the form of the decomposition of the waten* in 
the (‘('ll, and will not go so far as the reduction and regeneration 
of tlie zinc. In the ease of a compound primary cell, the re- 
gT?ni?ration of ’the depolariser is also requisite if the cell is to he 
used as a secondary cell. This is impracticable with nitric a(^id 
and chromic acid cells, but it is possible with a cell usiiiFg copper 
sulphate as a depolariser ; neverthelesj^. the J)anicll cell Js not 
reversible because the zinc cannot be reduced in the acid solutio®. 
Inc cell consisting of zinc in caustic alkali, and carbon in the 
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same liquid, with CuO as a dcpolariscr, is, however. r(‘vcrsil)le, 
inasmuch as zinc can be deposited from an alkaline solution. 

The only form of storage battery of commercial importance is 
that in which lead is used as the attackable metal, and lead per- 
oxide as the depolariser. A cell of this class resolves itself, 
therefore, into a plate of lead covered with spongy lead, opposed 
to a second plate of lead covered with lead peroxide, the two 
plates being immersed in dilute sulphuric acid (specific gravity, 
1*18). When this cell is allowed to supply a current by closing 
the circuit between the electrodes, '.the spongy lead is oxidised 
and the lead peroxide is reduced: in each case lead sulphate 
is the “final product. The E.M.F. produced by this chemical 
change is between 2 and 2*2 volts. Assuming the complete 
conversion of the surface of both plates into lead sulphate by 
the discharge of the cell, the calculated E.M.F. is over 3 volts, 
whilst if the spongy lead plate be alone converUal into lead 
sulphate, an E.M.F. of about 2 volts should result. It is probable 
that, owing to the insolubility of the sulphate, a coating of the 
lead or the lead oxide with lead sulphah^. takes place, and the 
conversion on both plates is not complete, causing the production 
of an E.M.F. intermediate between these calculated limits. 

Many forms o! lead and lead peroxide secondary cells have 
been devised, t)ut their difference is mechanical rather than 
chemical. The fundamental type of secondary cells is the 
Plante, in which the formation of spongy lead and lead ])croxide 
on opposing plates is effected by “ forming the cell by alter- 
nately charging it from a dynamo and discharging it ; these 
repeated reversals gradually convert the lead into a spongy state, 
suitable for rapid oxidation and reduction. The modifications 
of this fundamental form include cells of the Faure type, in which 
the spongy lead and lead peroxide are produced by the electrolysis 
of lead oxide (generally red lead) applied as a paste to the surface 
of the lead plates ; and modifications of this, in which the active 
material is ield in recesses in a lead grid, or as plugs in a skeleton 
lead plate, have been devised. 

The efficiency of a good secondary cell is about 80 per cent., 
reckoned on the electrical energy put into it. In spite of this 
good result, the commercial efficiency is often low, from the cost 
of repairs, due to the buckling of the plates and separation of 
tjje active material from its support. Where acc^umulators '^re 
used as a portable store of energy, their great weight — due 
to the Tiigh specific gi’avity and atomic weight and compara- 
tivel}^ low valency of l^ad (Pb") — is seriously detrimental. In 
fpite of this, no metafli lias hithetto been found eflfective 
substitute for lead, entirely for chemical reasons. 
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Another forrn of storajie i)atterv, not yet of ])r<i( ti(‘a.l import 
ance, is that known as Grove'S gas battery. If a. current of 
electricity be [)a.sse(] into an ordinary voltametc'i’, consisting of 
two platinum plates immersed in dilute sulphuric acid, and if, 
after some d(‘coTnposition of water into J I., am! 0 has taken place, 
th(‘ platinum dectrodes be disconnected from the source of current 
and coupled to th(‘ terminals of a galvanometer, it will be found 
that a, current is gen(‘ra.t(‘d in the voltameter, and flows in a 
<lir(‘ction the reverse of that of the charging cui-nmt. 'J'liis is 
du(‘ to the fact that each platinum electrode absorbs a portion of 
the gas (U and () respectively) evolv'(‘d at its surfa.c(i ; the hydro- 
gen contained in tlie om* platinum plate behavcvs as the attack- 
able metal of an ordinary cdl, whilst tin' oxygen in the other 
plate acts as the d(‘polariser of the same cell. l’h(‘ condition and 
action of th(‘ plates of this cell ar(‘ perlectly amdogous to those 
of the platei^of a lead storage battery. 'Die (piantity of energy 
which can be thus stored is limited by th(‘ amount of II and 0 
absorbable* by the platinum ])lates, whicli for platens of ordinary 
dimensions is small. By tiie use of a. platinum j)late coated with 
platinum black and supplied with hydrogen, op])()se(l to a similar 
plate supplied with oxygen, both in contact with an electrolyte 
— dilutee sulpliuj'ic. acid — a constant current can be main- 
tained, the K.-M.K. of which corresponds with^that calculated 
from the heat of combination of the elements of water. 

An att(?mpt has been mad(^ by Mond to utilise* this form of cell 
for the direct conversion of the chemica.1 energy of hydrogen into 
electrical energy. Tlie hydrogen for this })ur])ose is prepared from 
semi-water gas (q.r.) by removing the (X) and liydrocarboUsS, 
which it contains in addition to hydrogen. This is done by 
passing the gas over puinicestone coated with finely-divided 
nickel or cob.'ilt jit a temperature of 350' to 100“ (.\ = ()()2“ to 
752 ' F. in the case of the former, and 100^ to -150' (,'. = 752^ to 
812^ F. for the latter ; the chemical reactions involved are of the 
form — » 

2(:() Ni., . I ah {Old NO NixCu I- H„. 

• 

AVheii the pumice coated with nickel has become clogged with 
deposited carbon, it can be revivified by the passage of steam 
nr^^^rding to tjie ecpiatiori — 

SijcC + 2H.() - Ni* -i- CO, -f 2H,. 

By such means, gas containing 36 to ^0 per cent, of and 
aljtiost completely free fromT CO and ^lydrocarbons, cjui b# 
obtained. 
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This gas is supplied to a form of gas battiM-y ronsistitig (d 
thin platinum leaf, hnely perforated and covered with a film of 
platinum black, separated by a diaphragm of plaster of Paiis 
(which is saturated with dilute sulphuric acid) from a similai ly 
prepared platinum leaf; the second leaf is supplied with air, 
which serves as the depolariser. A current corresponding with 
about 50 per cent, of the calculated chemical energy c an be thus 
obtained. Hourly reversals of the direction of the passage of 
the air and hydrogen, and, therefore, of the cun*ent, are necessary 
to prevent the transference of the sulphuri(‘ acid from one side 
of each cell to the other by electric osmosis.* The costly and 
delicate nature of the apparatus recjuired is against the successful 
application of this method. 

One other instance of the use of a gaseous depolariser is afforded 
by the chlorine battery, in w.hich gaseous chlorine is applied as 
a depolariser to a carbon electrode in an ordinary celi 

Edison’s secondary cell consists of iron and nickel plates or 
iron and nickel-cobalt plates in a caustic soda electrolyte. This 
c;ell has not yet been practically successful. 

Formerly, the only method used on a considerable scale for 
obtaining electrical energy from the c hemical energy of fuel was 
that in which thc» fuel is burnt beneath a boiler which supj)li(‘s 
steam to an engine, which in turn drives a dynamo. Tlu‘ 
chemistry of steam-raising will be treated of below. At present, 
it; is often more economical to use gas engines with the, nec'essary 
producers. Decision between the use of a. steam and gas plant 
depends on conditions proper to each case ; no general direc-tions 
can be given. A point of much importance connected with the 
economy of the dynamo is, however, of chemic al interest, and 
must be mentioned here. It has been found that the ellicienc y 
of the iron used for field magnets and armatures of dynamos 
varies with its magnetic properties ; the more rapid and c omplete 
its magnetisation and demagnetisation, the better the results 
obtained. Jfo ciuaiititative relation has yet been arrived at for 
the influence of the impurities present in c-ommercial iron on its 
magnetic properties ; but, qualitatively speaking, the more 
nearly pure the iron, the greater the rale of magnetic change 
and the smaller the amount of residual magnetism which it 
retains. A full discussion of this matter would be out of place 
in a work of this sco})c^. The selection of a suitable’i.ietal or ah(*;7 
f(?r the commutator and brushes of the dynamo is obviously also 
a chemic^al matter. 

* Tins term is a))j)h(‘d lo flic Loclily transIVrc-nci* of an clcclnjlylc tliroiigh 
a porous septum ; this U caused by the passage of a euni'iit, and take s ph^ :e 
in the direction in which the current Hows. 
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NATURAL FORMS OF KINETIC ENERGY.- The 1( )n'g()ing 
examples of soui( es of (‘n<‘rgv availa})l(‘ for industrial purposes 
are instan(<‘.s of potentiMl energy ea])able of becoming kinetic 
when subjected to suitable' conditions. Tlnw an* (‘xamples of a 
particular kind of (‘mTgy — mune'ly, chemical energy - -and, 
getK'rallv. tin? first ste'p to their iitilisa.tion is tluar conversion into 
h(\‘it. Jn less geuKTal language. th(\v are cases of the energy of 
fu(‘l which is available fen* the production of heat by direct burning. 
In those' souree's ed' energy which we are about te) eonsid(*r. the^ 
energy is ne)t })e)tentiai but kinedie: — that is. it is actually in 
ce)urs(^ of being e'xpenele'd without the interventie)n of human 
agenev, and its utilisatie>n e-an, Ihe'relore', be Ic'.ss easily j:eJiiilat(Ml 
than that of the energy which is le)e-ked up in fue'l. A concretej 
e-ase e)f ii form e)f kinetic e'ne'rgy which e'xists e)n the earth and is 
put te) ineluslrial use. is that manifeiste*el in a riveT or a wateu’fall. 
It is certain# that the* e*neu*gy re'pre'senteel by the flowing wate'.r 
will be expended whether it be turned to commercial account or 
not, whereas a seam of coal is a form of energy stored in a manner 
so perfect that it may remain potential for an indefinite period, 
provided it be not mined and burned. The chief natural forms 
of kinetic energy are as follows : — 

Water Power. — Water power has been used » from early times 
to drive flour mills ; in more recent times it lijis been used to 
work saw-mills. At present the generation of electricity is by 
far its most important use. Running Avater of all kinds may 
utilised for obtaining energy in an applicable form. The main 
conditions of success and economy are that the quantity shall be 
large, the fall in a given length of the watercourse considerable, 
and the flow approximately constant. The mean quantity per 
unit of time cannot usually be artificially increased, but the fall 
within a given distance can be augmented by the device of 
forming a dam or weir, and this is commonly done with streams 
supplying water wheels. The fall may also be increased by 
excavating the river bed below the rapids, and thjs has been 
done in several places in Scandinavia. The regularity of flow can 
be aided, though not completely secured, by retaining the water 
in a reservoir large in ‘proportion to the amount used per day ; 
but, in general, intermittently flowing water is of little industrial 
value. Where the fall is sudden, as in an actual rapids or water- 
fStts, it is sontetimes impracticable to use the bed of the stream 
itself for the wheel or turbine, and the water must be diverted 
and provided with a less precipitous channel. Thus at ‘Niagara 
the water is led into a special channel jn which the turbines it 
is to drive disposed. Water power* is sometimes situated 
conveniently bear mineral deposits which need energy in the form 
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of mechanical power for their working, and it can then he used 
economically. This is the case in some copjjer refineries wheie 
the electrolytic process is used (see Copper). One of the oldest 
instances of the application of water power to the winning of a 
metal is in the works of the Aluminium Company at Neuhausen, 
where the energy requisite to drive the dynamos, the current 
from v/hich is used in the reduction of aluminium, is derived 
from a waterfall. In a similar manner aluminium is now made 
at Foyers in Scotland, at Niagara, and other places. Calcium 
carbide (see Vol. II.) is made in many places by energy derived 
from water power. 1'he manufacture of artificial fertilisers from 
atmos{)heric nitrogen is practically dependent on cheap hydro- 
electric power, and fairly large works are established in 
Norway and Italy. In mountainous countries, railways (e.g., 
the Simplon tunnel line) are worked, and towns (e.g., 
Innspruck) lighted by elec.trhdty derived from *vater ])ower. 
Industries that are not conveniently carried out on the spot 
where water power is available may, nevertheless, obtain the 
■energy they require therefrom ; this is economically effected by 
converting the water power into electricity, and transmitting 
high tension currents, which can be used after their conversion 
into currents at* a low pressure, the need for massive copper 
conductors (in^which much (aipital would be sunk) l)eing thus 
overcome. Thus, the Victoria Falls in Rhodesia are to supply 
•the gold mines of the Transvaal with power. 

Tides. — Although at first sight only a particular case of water 
power, tidal energy must be considered separately, as it is derived 
from a source different from that represented by a stream or 
waterfall. All the forms of energy that have been dealt with 
in this chapter — with the possible exception of tlui idicniical 
energy of petroleum, which may have been derived from the 
cosmical energy left stored in the earth at the time of its con- 
densation from a nebulous to a fluid condition — are simply forms 
of solar er^'Tgy, which has first appeared in some form of life on 
the surface of the earth, and has been afterwards stored in its 
crust. This is true, because coal is used almost exclusively for 
the production of mechanical from chemical energy. Admitting 
the animal origin of petroleum, which theory has much to recom- 
mend it (see Petrokum, Vol. II.), the energy present in it would 
also be referred to the sun. But the energy of th& bides is dueTo 
^e energy of rotation of the earth, sufficing to keep it in motion 
in spit^ of the breaking action of the mass of water attracted into 
a hi^e wave by the mqpn ; every motion of the sea w hich is tidal 
land not due to the w^nd, is of this origin. Consequentl y, wl^ en 
tidal energy is turned to a mechanical account, power isHSemg 
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tilkeii by, jjs it were, putting a driving belt on the globe, albeit 
one in whieli there is a good deal of slip. Hitherto no groat 
success lias attended attempts to utilise tidal energy, the range 
of motion is generally loo small, or, if increased by local condi- 
tions, such as the bore of a river, too violent and intermittent 
to allow of steady work. fVrlmps the most hopeful method 
consists in impounding a- large (juantity of water at liigh tide, 
and using it as one would use that from any other rcvsi'rvoir 
with an availabhi fall. Tidal energy has, of course, been used 
for ages in tlu' somewhat crude way of aiding the transport of 
vessels against a running stream near its mouth. 

Wind. — In spite of the variable and intermittent charaM(‘r of 
the energy that can be obtained from the motion of the air. it is 
capable of commercial utilisation, and has been so utilised from 
ea.rlv times by means of windmills of various design. It is solf- 
evuient that, if any considerable industry were to be mad(‘ de- 
pendent upon wind power, it would be nece.ssary to collect tli(‘ 
energv represiuited by a large cross-s(‘( tion of th(‘ mass of moving 
air, which we speak of as wind, a.nd to store* the ('iiergy thus 
got to provide for the occurrence of a. calm. 'Fliis lias lieen 
realised on a. small scale by the application of windmills to 
pumping for draining operations and the stoiagt* of tin* water, 
or for driving a dynamo and storing electrical (‘uergy in accumu- 
lators 

Sun’s Heat. — Energy is continually b(‘ing poured upon thi!* 
earth from the sun, and is being stored to some slight extent in 
the liberation of carbon from carbon dioxide* by vegetable* life.**' 
but is for the most pari returned to space by raeliatiein. Numerou-- 
attempts have b(‘en maele le) turn it to aeaaiunt by e-aiising it le> 
boil watew eir either volatile liepiid. meclianical weirk being eib- 
taine'e! bv tlie expansion of the vapour eif this liquid ; but the: 
radiant eu(*rgy, even when conceiitrateel by a system of mirreirs 
or lenses, is too elitl'use and, more‘over, teie) intermittent to be e>t 
any tangible use.'l' Tiie only serieuis apjilie-ation on aqy e onsider- 
abie scale is in cone'entrating seilutions of salt from .sea. wate*r, 
or, in countries destitute of fresh water, distilling sea water for- 
drinking purposes. If has been suggested tha't the internal 

♦ It has b(rti calculated that I square metre of l(*af surfac(‘ will utilise 
auTllcient radiant* eriorgj' from the sun per day to fabricate 14 grains of 
dry vegetable substance. Fischer calculates that on 140 day.s of tlie yeili- 
about 5 per cent, of the sun’.s energy rec<‘ived on the area eovere|i by tin* 
German forests is utilised in growing the trees. In the trojiics tlie propor- 
tion may bo much greater. ^ ^ 

^ A small pocket lens may be utilised to lighf tobacco on a windy day* 
at the sea- side. 



store of heat ia the earth may be tapped for conversion into 
mechanical energy. 

Value of Natural Forms of Energy.— We have spoken of natural 
forms of energy, although all energy is natural, in a sense re- 
stricted to those cases where kinetic energy occurs in nature. 
The value of natural kinetic energy may be looked at from two 
points of view. In the first place, since it is kinetic it will be 
inevitably degraded into low temperature heat, and it is good 
economy of the total store available on the earth to turn it to 
account on its downward path, instead of letting it run wholly 
to waste. But, in the second place, since its utilisation involves 
the use of costly plant, it is often commerically economical U% 
disregard it utterly, and rely wholly on the stores of energy in 
the shape of fuel in one kind or another that would otherwise 
remain stored for an indefinite time. The circumstances of eacli 
case must decide which course is attended by the greater mone- 
tary economy ; it suffices to say here the course chosen is not 
necessarily most economical from an energy point of view. There 
are many important industries in which the energy recpiiied is 
a small part of the money cost of the whole process, and economy 
in the energy bill is a secondary matter altogether, and may be 
sacrificed to convenience or lowness of initial outlay. 

The Transmission of Energy. — This chapter would be incom- 
plete without & few words concerning the different methods 
pf transmitting energy that are commonly used. The simplest 
way of communicating mechanical energy from one moving 
object to one that is to be moved, is by direct attachment. In 
the case of a revolving wheel, where the axis of rotation of the 
wheel to be moved is identical with that already moving, a shaft 
of the requisite length is an obvious method ; where the axes 
of rotation are not identical, driving first by frictional contact 
with the rim, and tlien by regular rugosities on the rim — e.y., 
teeth or cogs — suggests itself. A step farther is the trans- 
mission of power by belts or ropes, and these are of course freely 
used. Ro^s running at a high speed, and, therefore, capable 
of transmitting a good deal of energy without severe pull, are 
a fairly economical method of distributing power. Water under 
pressure is another plan that has merits in cases where strong 
slow motions are especially required, as in most hydraulic 
machinery ,but is less well adapted for any quick-running motion^ 
af the friction and inertia of water transmitted through pipes 
are scricvis obstacles. Air has fewer ^lisadvantages as a fluid for 
trans^jiitting power, but ener^ is lost in compressing it, heat 
Jjeing^ developed whicli,4s dissipated before it reaches the point 
of consumption. Where any extensive system of transmisak^Sf 
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<^nergy by (.ompressed air is in use, it is commonly supplemented 
by some method of heating the air from an external source before 
it is us(?d to drive its motor (see p. 79). The best method of 
transmission through a considerable distance that has hitherto 
been devised is by llie use of electricity. The general plan con- 
sists in turning the mechanical energy developed by a steam 
engine into electricity at comparatively low electrical pressure, 
converting this by means of a step-up transformer into electricity 
at high electrical pressure, transmitting tlirough a conductor in 
the ordinary way, and re-converting it, on the spot where it is 
to be used, into electricity at low pressure by means of a step- 
down transformer. Operose as this sounds, it is fairly econgmical, 
the least efficient part being the prime mover (that is, the engine 
and boiler), which has to be employed in any case. The object 
of using the current at high pressure for the actual transmission, 
is that the loss by the resistance of the conductor is smaller 
with a high-|)ressure than with a low-pressure current, and thus 
a large conductor of low resistance, which is a very costly piece 
of plant because of the comparatively high price of copper, 
can be dispensed with. 
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CHAPTER III. 

THE CHEMISTRY OF STEAM RAISING. 

In modern engineering practice, which is ( oncerned with obtain- 
ing meir hanical energy from fuel by means of a boiler and engine, 
much care is displayed in points of design and construction, 
whilst, on the other hand, but scanty attention is paid to the 
economical working of the plant, which depends in great measure 
on purely chemical principles. 

WATER. 

Next in sequence to the chemical principles concerned in the 
combustion of the fuel, which are obviously of primary import- 
ance and have been dealt with in the preceding chapter, stands 
the quality of the Vater used in the boiler ; its selection demands 
careful considereition by the steam-user. Since the general town 
supply of w^ater for any particular place has been chosen — and 
Altered or otherwise purified — chiefly in order to fit it for drinking 
and domestic use, it is often too costly for employment for feeding 
boilers and other industrial purposes, particularly as the pro- 
perties which render it suitable for dietetic use are not identical 
with those characteristic of a good boiler water ; recourse is, 
therefore, had to a private well, the nature of the water of which 
must be ascertained by analysis, and then a correction devised 
for any deleterious action which may be exerted by the water 
on a boiler, or by the steam in its utilisation, owing to any matter 
it may carry over in suspension or as a vapour. Most waters 
which are used for steam raising fall in one of the following 
classes : — • 

1. Hard calcareous waters. 

2. Soft peaty waters. 

3. Saline waters. 

^This division is not strictly accurate nor exhaustive, as the 
classes iflay overlap to some extent, but it serves to define the 
most Commonly occurrjpg waters which are used for steam 
Tflising. The source of* the supply has a certain relation 
quality of the water, since the strata from which it is derived 
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furnish characteristic soluble constituents to the water percolatinjr 
through them. It liappens, therefore, that where it is possibh*^ 
in choosing a site for a factory, to pay regard to the surrounding 
strata, a water of approximately known (quality can be procured : 
thus the chalk formation is sure to yield a hard calcareous water, 
the same being true of oolitic and other limestone strata ; whereas 
the formations known as the lower greensand and th(‘ new red 
sandstone, generally yield waters which are comparatively soft. 
Since other circumstances, such as facility of transport, clu^apness 
of fuel, and the like, usually determine the sit(‘ of a faclorv, 
the choice of particular strata whence to obtain water is rarely 
practicable, and it becomes necessary to deal with whatever 
variety of water may bo locally predominant. 

Taking the classes mentioned above .scr/u/ ?’///, the following 
descriptions mav be given : — 

1. HARD, CALCAREOUS WATERS.— 'I'ln^ most characteristic 
constituent of these waters is calcium carbonate, often associ- 
ated with magnesium carbonate, botli salts b(‘ing held in solution 
by carbonic acid. Tlie solvent action of carbonic acid on tlu^se 
carbonates is so marked that it is attributed by soim? to the 
formation of bi(‘arbonates (analogous to those of the alkali 
metals) of the form C{iH._,(CO.:).j. It must bf‘ noted, however, 
that th(' (piafitity of CO., present is abnost ir;variably greater 
than that which would suffice for the formation of bicarbonate : 
nevertheless, on the (‘ontinent it is customary to indicate tha*;. 
[)orti()n of th(‘ carbonic acid corn'spoiiding with the carbonates 
which it ivS instrumental in retaining in solution, by the term 
“ half-bound,’' to distinguish it from the surplus which is termed 
‘‘free.” Whatever the precise mechanism of the solvent action 
of carbonic acid on calcium and luagnesium carbonates, thes(‘ 
salts are invariably preci})italed nearly c()m])letoly when the 
carbonic acid is exj)(‘lled by boiling. 

In addition to t’ahium and magnesium carbonates, hard 
calcareous waUu’s commonly contain calcium sul[)h<,tt(‘. which is 
not })rcci})italed on boiling under atmospheric pressure, although 
wlien tlie temperature of the water is conskh'rably above' lOt) 
C. = 212° F., as in a, 'boiler, precipitation of anhydrous calcium 
sulphate, Ca-SO,, takes place. The crust of calcium sulphate and 
carbonate deposited at the temperaliiro obtaining in a. boiler 
which is worked at even a moderate pressure, is hard, dense, and 
coherent, and much impedes steam raising, as will be noticed lat*er. 

Ill the absence of calcium sulphate, calcium carbona te generally 
yields a pulverulent deposit, less objectionable than thal given 
by a water containing both salts. Tfit following are aQalvs».s 
of Cvpical boiler incrustations from hard calcareous waters : — 
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I. 

n.. 

III. 


Per «*ejit. 

Per cent. 

Per cent. 

CaCO<„ 


... 

8M0 

CaSo; 

31 96 

97*01 

9-86 

Ms(()}f)2, 

7*11 

! 0-37 

‘2-58 

Water, ...... 


i 1 *75 


FcoOs and AloOa, .... 

‘j-io 1 

1 1 

I’is 

Silica and insohildc matter, 

1 

‘2 '46 ! 

1 


3 54 


It will be socH tbiit even at the moderate pressure of 50 lbs. 
(whicli is that at which the above incrustations were formed) 
<*a.lcium sulphate is freely precipitated. The occurrence of 
magnesia in the form of hydroxide in the incrustation, will be 
discussed in a later paragraph. 

It is customary to speak of water containing salts of calcium 
and magnesium as “ hard,'* the term being especially used as 
indicating their soap-consuming power when such waters arc 
employed for washing — a hard water being one which consumes 
much soap before a lather can be produced in it. The first 
action of soap on a hard water is to precipitate calcium and 
magnesium salts of the fatty acids of the soap. The curdy pre- 
cipitate thus foriAed is useless as a detergent, and it is not until 
the soap itself passes into solution that a lather is produced, 
this lathering being a characteristic property of a soap solution. 
\ distinction is usually drawn between temporary hardness and 
permanent hardness. The former is caused by the presence of 
calcium and magnesium carbonates, wliic.h are precipitated in 
great measure when the water is boiled, and on this account may 
be considered as temporary hardening a.gents. The latter is 
due to the other salts of calcium and magnesium which are not 
precipitated when the water is boiled — c.f/., the sulphates, chlor- 
ides, and nitrates ; with regard to calcium sulphate it must be 
remembered that it is precipitated when the w^ater is heated 
to a tempefature above its normal boiling point — that is, under 
pressure in a boiler. It follows from this that the mere state- 
ment of either temporary or permanent herdness, or of both, is 
no guide to the character or amount of the boiler scale which 
will be formed, and a complete mineral analysis of the water is 
requisite, even this being only a guide towards ^the formatioTv 
of an opinion by the rhemist as to the behaviour of the water 
under conditions comparable with those obtaining in practice. 

In general, hard calcareous w^ater, producing much scale, is 
not Imble to cause, in^Jiddition, corrosion of the boiler, both on 
account of its inherent qualities (see Saline waters), and ^iftcj^usc 
of the protective effect of the scale deposited. 
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The following analyses give the quantities of salts commonly 
found in hard calcareous waters : — 




Orain.s per Gallon. 


CaC 03 , . , 

15-23 

12-86 

23-72 

19-55 

CaS 04 , . 

12-04 

... 

7-31 

16 -US 

M-Clg, . 
Na2804, . 

6 97 ; 

12-67 

6-29 

28-71 

NaCl, . 

4-70 1 

25 39 

29 - 8-2 

20-25 


2. SOFT WATERS (containing little mineral matter). — Rain 
water collected artificially is a typical soft water, containing but 
a trifling amount of mineral matter in solution. Streams fed 
with rain water and running through districts containing little 
vegetation, yield a water standing near to rain water in respect 
of its content of mineral matter. The majority of soft waters, 
however, on account of the absence of calcareous matter, dissolve 
peaty matter from the vegetation which they encounter on their 
course. These peaty substances consist largely of vegetable 
acids, the calcium salts of which are insoluble in water, so that 
they are not dissolved by hard waters. Theii* feebly acid char- 
acter renders peaty waters liable to attack boiUr plates, and the 
slimy nature of the salts which are produced by such attack 
causes them to form an objectionable incrustation {v.i,). 

As peaty waters, in common with all natural waters, contain 
dissolved oxygen, their action on metallic pipes and plates is 
enhanced by the fact that any oxide formed by the action of the 
dissolved oxygen is basic in character and will combine with the 
peaty acids, rendering the corrosion of the metal more serious. 
The action of the acids in this respect is similar to that of COo in 
the attack of iron by atmospheric oxygen (see Chapter i., p. 46). 
Such waters are also peculiarly liable to act on lead. 

The following are analyses of soft peaty waters : — * 


NaCl, . ' 

CaCL, . 
Ca(N03)?,^ 
CaS04, . 

CaCO..,, . 

McCOa, 

SiOa, . 

FeaOa and AljOs, 
,^rganic matter, 
]Sla 2 S 04 , 


I. 

Water of the Wye 
(Phillips). 
Grains per yal. 

1 - 04 
0 ’ 0 () 

0-0!) 

IIU 

2 - 88 
0-95 

. , 0 -26 
0*27 


II. 

Moorland 

Water. 

Grains per sal. 

1-07 

0-41 


6’i\ 



SALINE WATERS. 


135 


3. SALINE WATERS.— An extreme example of a saline 
water used for boiler purposes is sea water. The following 
analysis of water from the Irish Sea (Thorpe) represents the 
average composition of sea water ; although considerable varia- 
tions in concentration occur locally, the ratio of the salts to each 
other is nearlv constant ; — 



Waters which may be classed as “ moderately saline/* of 
course, vary considerably in composition. The following analysi.s 
represents a water of this class : — 

(1|N. per Kill I. 


(JaCO.j 3- IS 

MgCO 2i4 

Na..CO, 12-Hl 

Na'SO^ 10*33 

NaCl, , . - 10-OS 


When sea w«ter 


is used in a boiler a concentration is soon 


reached at which the soluble salts begin to separate. *hliis point 
*is indicated by the specific gravity of the concentrated water, 
and for its determination it is customary to ascertain the specific 


gravity of the liquid in the boiler from time to time by means of 
an hydrometer called a salinometer. When this concentration 
is attained the water must be blown out. When vciy saline 


waters are used for steam raising the adoption of condensing 
engines is advantageous, as it allows of the return of the major 
part of the water which has passed tlirough the cylinders as 
steam, to the boiler, and thus concentration to the crystallising 
point is gi^atly retarded. 

Brackish water drawn from rivers (near their mouths) and 
from estuaries may be regarded as diluted sea water. A great 
objection to its use arises from its variable character, as its 
composition depends on the proportion of seff ' water locally 
and temporarily present. Since sea water contains calciu.-j^ 
sulphate, which salt is deposited in a boiler (v.i.), it follows 
that, even when used to a concentration short of that at whicli 
the Reposition of ordinary soluble salts begins, sea water will 

^ *Thus stated, instead* tf in the more usual nomenclature (grains per 
gallon), on account of the great concentration of sea water as jgpmpjfred 
with ordinary saline waters. 
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yield an incrustation, the nature of which is shown by the follow- 
ing analysis {Laves ) : — 


(aCC),, 



I'er ocnt. 

0-97 

(;ns( >4. . 



85-53 

.Ml'(()]I) 



3-39 

NaCl, .■ . 



l>-79 

Si()2, . 



110 

FeoOo and . 



0-32 

Or;,'anic matter, . 



'frace 

Moisture, 



5 00 




100-00 


The pT(‘sen(*e of M<i(()H).> in the boiler deposit fi'oiu sea water 
is caused by the decomposition of magnesium chloride at the high 
teinperatim', obtaining in a boiler (the dissociation of this salt 
being readily #ell'ected on evaporation), and also by the decom- 
position of magriesiuin carbonate formed by the interaction of 
i'alciurn carbonate with the soluble magnesium salts present in 
excess. Such portion of the magnesium hydroxide as results 
from the decomposition (d magnesium chloride is a mc'asure of 
the (‘orrosive effect of this last-named salt on the boiler j)lates, for 
it will bci obvious that the deposition of magnesium hydroxide 
involves the liberation of an ecpiivalent (juantiti^’ of liCl if its 
source be simply magnesium chloride witliout the intervention of 
calcium carbonate in the manner spoken of above. It is known' 
that magnesium chloride, wJien heated in presence of water, 
leadily decomposes into magnesium hydroxide or an oxychloride, 
and hydrochloric acid ; in aqueous solution this does not take 
place until considerable concentration has occurred, but it is 
])robable tliat in a boiler dissociation is promoted by the higher 
temperature attained ; local over-liejiting of the salt, already 
separated from its solution on parts of the boiler above the 
water line, may also take place. These two actions suflice to 
j)roduce the corrosive effects observed, which, owkig to the 
volatility of llCl, may extend to all parts traversed by the steam 
— e.(j., steam pipes and cylinders. Local action caused by these 
circumstances may occur in s})ite of the feed water being alkaline 
from the pres:iice of calcium carbonate, as the incrustation 
formed by this salt will only afford protection below the water 
jTne. ‘ , 

The subject of the action of magnesium chloride in boilers 
has aroused considerable interest during recent years. ' Bailey 
has found that in the distillation of MgC]., solution hydrocHioric 
acifl does not appreciably volatilise with the steam until a con-* 
centraflon of 1 per cent, is reached. Hence, injury to the boiler 
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plates will occur long before any acidity is apparent in the steam. 
The decomposition of MgCL under pressure has been confirmed 
by Cribb, although he found it to be stable when boiled at ordinary 
pressures, even in the presence of iron filings. That MgCL> is 
almost entirely decomposed under the conditions prevailing in 
an ordinary boiler is proved by the disappearance of dissolved 
magnesia from boiler waters, and the appearance of magnesium 
hydroxide as one of the commonest constituents of boiler scale 
in which chlorine is rarely present except in traces. Cribb points 
out that the available evidence tends to show that clilorine docs 
not l(jkive the boiler, and that, therefore, the r‘oncentration of 
the chlorine is a measure of the c()nccntrn.tion of tlie boiler water 
itself. 

The role of MgCl > in the production of magnctu' iron oxide 
Fe./)^ in the boiler has been explained by Dewrance as follows : — 
It is first decomposed with the liberation of free JlCt- - 

MgCl, ! HoU - MgO F 2HC1, 

the latter atta( ks the boiler plate, producing ferrous chloride 
and hydrogen — 

• Fe H- 2HCI - Jt CI , 4- H., 

the ferrous cliloride finally reacts with the MgO previously 
formed, producing again MgCl.> and ferrous oxide — 

MgO 1 FoO, MgCl., t I’VO. 

If there is a considerable excess of air the ferrous oxide is oxidised 
into fenic oxide, Fe.^Oy, but if the quantity of air present is not 
sufficient for this, then the magnetic oxide, Fe.p^ is formed. 

A marine boiler incrustation will contain calcium sulphate as 
the chief constituent, and magnesium hy dioxide as the main 
secondary cjjnstituent ; the following analysis (Lewes) will serve 
as an example in addition to that on p. 13f) ; — 


CaS 04 , 

Mg(OH),, . . 

V Ter cent. 

84*27 

W)4 

Sand, . 

1 *94 

FejOs and AI 3 O 3 , 

l .*10 

Water, &c., . 

5b5 

KXCOO 


* Many waters derivetf from mines contain large quant^J^ips (ff 
saline constituents, especially sulphates, often derive/ from the 
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oxidation of pyrites and other sulphides. The following analysis 
(Allen) is an example of a mine-water rich in sulphates 


CaCOa, 10-8 

Ca804, 16*0 

MgS04, 20-4 

NajS04 73‘6 

NaCl, 70’4 


When calcium carbonate is 
exists in waters of this class. 


absent, free sulphuric acid often 
,, leading to serious corrosion of 


pumping machinery. 

The life of the boiler depends on several factors, of .which 
the character of the water, considered above, is one of the c hief. 
Hard calcareous waters form scale in the manner already 
described, and in this respect are injurious to the economy of 
steam raising, partly by damaging the boiler itself, and partly 
by wasting the fuei required. The latter is a serious evil, for 
the incrustation is a badly conducting material, and, by impciding 
the transmission of heat from the furnace to the water, diminishes 
the output of steam from the boiler, if the furnace is fired nor- 
jjially — that is, at a rate approximate to the absorption of heat 
by the “ heating surface exposed by the boiler. To compensate 
for this diminished output of steam, the natural action of the 
stoker (often necessary when the full output** of the boiler is 
required) is to increase the rate of firing, with the result that 
the extra quantity of heat generated in the furnace is only im- 
perfectlv absorbed by the boiler, and goes to waste in the flue 
gases. It has been found that an incrustation of ^ inch thick 
causes the use of about 16 per cent, more fuel than would be 
necessary with clean plates, whilst one which is ^ inch thick 
involves a waste of as much as 50 per cent., and one of | inch a 
waste of 150 per cent. The damage to the boiler itself is due to 
two causes— (1) the deterioration of the plates by overheating, 
and (2) the mechanical damage involved in removing the incrus- 
tation. A coated boiler plate is necessarily liottci* than when 
clean, as the nater is kept from free contact with it. Thus, 
whereas a clean iron vessel containing water boiling under atmo- 
spheric pressure has a temperature not more than 10 C. above 
the boiling point of water, one with an incrustation so thin as 
inch may have a temperature more than 100° C. higher. The 
mechanical properties of the metal composing the boiler plates 
are considerably modified even by the temperature proper to 
modern pressures — e.g., 150 to 200 lbs. of steam, corresponding 
with 370° to 400° F. = 188° to 204° C.— rpd are still more affected 
{vhen^ there is extra heating on account of the presence of an 
incrustatioT. 
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In the case of boilers of the water tube or of the locomotive 
class, a further difficulty arises from the iiicrustatidn — namely, 
the blocking of the tubes or of the spaces between them with 
scale, and consecpient hindrance of circulation of the water. 
In aggravated instances actual stoppage of a wat(T tube 
may occur, involving its speedy destruction by its exposure 
to the tire without being simultaneously cooled by contact 
with the water. 

The nature of the incrustation formed in the manner already 
described may be modified by the presence of suspended matter, 
which often occurs in feed water from running streams. These 
impurities remain in the boiler and mix with the precipitated 
deposit. Very finely divided vegetable matter is not always 
objectionable, for it may help in keeping the deposits from 
caking hard. For this reason filtered waters are sometimes 
more troublesome than unfiltered. Earthy impurities are 
invariably objectionable, and may be dangerous. The clay 
which is usually present helps to form a hard scale. 

The evils of heavy incrustation are sufficiently well recognised 
to lead to the practice of x>eriodically chipping the scale from the 
boiler plates, a troublesome operation, liable to caus(* injury to 
the boiler, and bcf^t avoided by removing the cause of incrustation. 
Although a wa^#r yielding a heavy or even a moderate' scale is 
thoroughly objectionable, one giving a slight film of calcium 
•carbonate or sulphate is not wffiolly harmful, on account of the 
protection which, it allords against corrosion from the, several 
sources now' to be mentioned. 

When saline waters are used which contain calcai’oous salts, 
the incrustation formed and the damage caused will be similar 
to those arising from calcareous waters proper. As magnesium 
chloride is fr’cquently present in saliiu' waters, a corrosive etTe(*t 
on the boiler also occurs from the, cause deseribed above. In 
addition to magnesium chloride other salts are capable of reacting 
wdth the production of acids which may causii ( orrosion. Ferric 
and aluminium salts, for instance, under the intluence of lieat 
may give rise to basic salts and free acids. A large number of 
such possible reactions has been given by H. do la Coux, and 
the following equations are given as typical instaf^es : — 

AI,(S04);5 -I- ALO, q- 3H,S04 

FeXlr, -I- 311,0 - i'oAK + OHCl 

(NH 4 ),S 04 - 2NH, + H,804 

2 Fe,(S 04 ), - (Fe.A),SO, + aSO,. 

•Sulphuretted hydrogen may also occur, especially in cacfcal 
waters contaminated with sew'age, or with furua^ ashes or 



140 


THE CHEMISTRY OF STEAM RAISING. 


refuse, or in some waters from coal measures. Such waters are 
liable to cause corrosion by reason of the oxidation of tlie sul- 
]>huretted liydro^en to sulphuric- acid. Such coimsion will 
not take place below the water line if a protec'tive incrustation 
be formed ; but s(‘rious weakenino- of the boiler will result from 
the attack of the plates above the water line, since the corrosion 
is not uniform, but local, for a reason stated below. Of course, 
mine-wa,ters in which free acid is present will cause serious 
cori-osion, and must be treated before use, particularly if cou- 
tainino- tlie salts of metals reducible j)artially or entirely by 
iron — c.y., Cu, and Ke in the ferric state. With copper salts 
the copper is first I’educed at the expense of the iron of the ooiler, 
and then forms with the plate an iron-copper couple, of which 
the iron is the attackable metal. With regard to ferric salts, 
direct reduction to feiTous salts, necessitating the solution of an 
equivalent oi iron, takes place, and if oxygen be present the 
ferrous salts formed by this reduction act as carriers between 
the oxygen and the iron of the boiler. 

Soft waters which cause no incrustation, save that due to 
peaty matter — concerning the action of which but little authentic 
information has been obtained — and having but trifling saline 
<ionstituents, are nevertheless liable to cause damage by corrosion. 
As all natural waters that have been freely exposed to the air 
are nearly saturated with oxygen, the quantity present being, 
at 15° 0. = 59° F., 10 mgms. per litre,* all would be liable to* 
cause oxidation of iron in a boiler, were it not that those which 
are calcareous form a protective incrustation which diminishes 
the damage done. In the case of waters not yielding an incrus- 
tation — e.(j,, soft peaty waters — the influence of dissolved oxygen 
on the metal of the boiler is more marked, its action being identical 
with that of ordinary rusting (q.v.) — (c/. p. 45). 

Corrosion chiefly o(;curs at the water line, the reason appar- 
ently being that the oxygen is rapidly expelled from the water 

• 

This limit of saturation is, of course, inlluciiccd by the partial pressure 
of O in air. A higher figure is given by pure oxygen. The following 
table shows the solubility mi c.c. per litre of water of the three chief gases 
normally present in water at various temperatures and at a pressu)’e of 
7b0 mm. exerted* by each gas : — 


, 

0“ F. 

10" 0.-50“ F. 

20‘'C.=68*F. 

0, . 

42 

3.3 

28 

N, . 

20 


14 

CO 2 , . . 

\ 

1,797 

i,isr> 

901 

! 


/ 
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on heating and then atta(‘ks the iron where it is wet but not 
covered with water ; a second cause, having a. like effect, is the 
tendency of the bubbles as they are expelled during the heating 
of the water, to cling to the sides, especially at the surface. It 
will be remembered that the gases dissolved in water are rela- 
tively richer in oxygen than is the air from which they have 
been derived, the ratio of 0 to N being approximately 1:2; this 
circumstance enhances the coiTosive action. 

In view of experiments showing that steel wire which lias 
been exposed to boiling water (at 760 mm.) has a. lower tensile 
strcngtli than that which it previously possessed (a, diminution 
of abbut 20 per cent, in 84 days), it appears probable that, in 
the absence of an incrustation, a similar weakening of the boiler 
plates may occur. The cause of this alteration is probably the 
decomposition of a portion of the water at the temperatun^ of 
the boiler by the iron, and the absorption of the hydrpgen resulting 
from that decomposition, for it is known that iron which has 
absorbed hydrogen is more brittle than the metal in its ordinary 
state (see Footnote, p. 32). 

A form of incrustation which is peculiarly harmful both to 
the economical working and to the life of a boiler, is that formed 


when oily mattei; obtains access to the feed water, and thence 
passes into the ^oiler. When animal or vegetable oils are used 
as lubricants in the cylinders of the steam engine (see Ijuhri- 
•cants), hydrolysis of the oils may occur by the action of the high- 
pressure steam, aided by the presence of metallir* oxides from 
the material of the cylinder, and fatty a.cids may be volatilised 
with the exhaust steam into the condenser of the engine, and 
thus pass with the feed water to the boiler. Even when mineral 
oils are used as lubricants and no hydrolysis can occur, a portion 
of the mineral oil may be distilled over with the steam, in spite 
of the temperature of the cylinder being below that at which 
distillation occurs when the mineral oil is heated per se, and 
may simiky^'ly tind its way into the boiler. In the case of fatty 
oils, the acids derived fiom them form lime soaps with the linu‘ 
in calcareous boilei* water, and are deposited in this form as an 
adherent oily incrustation, very badly c^inducting in character. 
Mineral oil, on the other hand, will attach itsoif mechanically 
to calcium carbonate and sulphate during their deposition from 
the water, forming with them oily globules which eventually* 
c^at the plate with a non-conducting incrustation. Thus, in 
either «ase, the plates are more thoroughly protected from 
contJkct with the water, by reason of the oily character of the 
^incrustation, than is tlf#case when the incrustation is purely c^l- 




142 


THE CHEMISTRY OF STEAM RAISING. 


take place. A scale of this kind was found by Lewes to have 
the following composition : — 


CaSO^, .... 
CaCO^, .... 
Mg(Oil)2, . . . 

Fe.Os.AlsOs.SiOa,. . 

( )rganic mutter and oil, 
Moisture, 



I’er cent. 

. 59-11 

. ()07 

. 11-29 

2-85 
. 19-54 

1-14 




100-00 


The general process of corrosion is identical with that described 
under the rusting of iron (see p. 45). The two main theories 
which are held to-day concerning this process are known as the 
‘•acid'' and “electrolytic" theories respectively. According to 
the former, no rust can be formed from pure water, oxygen, and 
iron, but the presence of a trace of some acid to act as catalyser 
is absolutely essential if oxidation of the metal is to begin. 

On the other hand, the electrolytic theory says that the presence 
of an acid, even in traces, is not essential to the oxidation of 
the iron, liquid water, and oxygen alone being necessary. It is 
assumed that pure water is ionised to a small bpt definite extent, 
and that when iron comes in contact with it prjsitively charged 
Fe ions are sent out into the water. Hydrogen ions at the same 
time leave the liquid, which latter now becomes virtually a solu-# 
tion of ferrous hydroxide — 

Fe + 2H’+ ‘2(0H)' = Fe + 2{OH)' + H,. 

The presence of oxygen will now cause the oxidation of ferrous 
iron to the fen*ic condition and rust .appears. 

The question whether pure water is sufficiently active to 
cause the corrosion of iron in this way is not yet definitely settled. 
Although the two theories are apparently conflicting, it is inter- 
esting to notice that in the electrolytic theories waiter itself is 
regarded as a feeble acid, since it contains hydrogen ions. Either 
view is in harmony with the modern electrolytic theory of ion- 
isation, and the solutidh of the problem is of theoretical rather 
than practical ;k:alue. 

The evidence accumulated from such investigations as those 
•of Cushman, Walker, and others supports the contention that 
all substances in solution containing hydrogen ions (i.e., of an 
acidic nature) stimulate rusting, while hydroxyl (OH) i(!»ns to a 
certain extent inhibit it, and if the concentration be sufl01;ient, 
absolutely prohibit it. ^ • • 

Certain vnnints TPL^ardiner the nature and mechanism of the 
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corrosion to which ;i boiler may be subjected need s('j)arate 
mention. Thus, local corrosion or pitting ” is liable to occur. 
By this term is meant the formation of small hollows or depres- 
sions in the boiler plates indicating rapid local attack, which 
may lead to the necessity for renewing a much larger area than 
that which is actually damaged. The cause of this locad action 
is to be found either in the composition of the attacked plate, 
or in the nature of the mode of attack, or in both. A phite of 
ingot-iron such as is used for boiler making, may have its im- 
purities, notably manganese and sulphur, irregularly distributed 
throughout its mass. Spots rich in these impurities will suffer 
corrosion more rapidly than other parts, possibly because of the 
formation of a galvanic; couple between adjacent portions of 
the plate which are of dilferent composition. Such a. citse of 
pitting in a boiler has recently been brought forward by G. N. 
Huntly. Each pit was found to be the centre* of a blister, and 
the blister contained a slightly acid solution of ferrftus sulphate, 
while the boiler water was alkaline with caustic soda. The solid 
matter in the envelope of the blister, which consisted of a mixture 
of iron oxides, acted as a semi-permeable membrane keeping 
apart the ferrous sulphate within and the caustic soda outside 
the blister. The theory advanced was that tlie jiartiedes of 
manganese sulphifle, segregated in the steel, were oxidised by 
the oxygen disseffved in the boiler water to sidphuric ac id and 
an oxide of manganese, the acid then acting loc ally on the surface 
of the boiler plate in the vicinity of the particles of manganese 
sulphide. The pitting of the boiler plate was prevented by 
adding sodium arsenite to the boiler water, the reagent taking 
up the dissolved oxygen. Similarly, the impurities, including 
the slag, which are characteristic of puddled iron (still sometimes 
used for boiler making), are not uniformly diffused through the 
metal, and the places richest in these impurities will be more 
readily corroded, the mechanical looseness of struc ture due to 
the presence of the slag often aiding this effect. 

Irregularfties in its physical condition, as well as in its chemical 
composition, will also affect the liability of iron and steel to 
corrosion. Strains produced by drawing pressure may cause 
differences in chemical activity ; hence plates with punched 
rivet holes have been found less permanent at tliese spots thar 
plates with drilled holes. Differences in temperature ai 
difierent parts of a boiler may also set up thermo-electric 
phenomena. 

Pit^ng, when once started, continues, owing to galvanic 
fiction between the mg4al and previously oxidised iron. Foi 
tnis reason it is sometimes the practice, when pittiug ^ccurl 



Ml 


THE CHEMISTRY OF STEAM RAISING. 


to clean out the pits so as to remove all tnu es of oxide, and then 
brush miner}' 1 oil over the pitted places. 

Particles of brass and copper finding their wav into a boihn-, 
somcitimes act .as centres of corrosion by setting u[) galvanic. 
a(;tion in whicli the iron is the metal attacked. This is especi}illy 
th(^ case when most of the surrounding iron is protected by 
incrustation, the corrosive action being thus localised, conseijueut 
on the increase* in current density .irising from restriction of 
the surface of the i}irg<‘r (‘l(‘ctrode. 

Local corrosion of iron sometimes .irises from the trapping of 
air bubbles in slight hollows Jilready existing, }ind the oxidation 
iind deepening of these spots by successive ])ortions of entifcipped 
}iir. lotting, however, from lociilised causi's other tlnin those 
arising from the naturi' of the m(‘tal, is not common in lioilers. 
because any liijuid or gaseous corrosive substance introduc'd 
into the boiler tends to be diffused over all the exposed surfai t* 
by the agitation and circulation of the water and atmosphere in 
the boiler. 

The external corrosion of a boiler shelf differs in no essential 
respect from the corrosion of other structural iron, which has 
been already dealt with in the first chapter of this section. 

The same protective effect that is obtained by ‘‘ galvanising ” 
iron is sometimes secured for a boiler by han'ging zinc plates o^ 
spheres in the water, with the object of divert ftig attack thereto 
and saving the boiler plates ; the action is a galvanic one in 
which the zinc is the atta(;kcd plate. The theory on which the 
use of zinc for this purpose is based is sound, but it is essential 
that good metallic contact be maintained between the zinc and 
the boiler plate, a condition which is not easily obtained in 
ordinary boiler practice. The quality of the zinc is also im- 
portant. It should preferably be rolled and not cast, as the 
crystals in a cast plate have been found to separate with a 
black insulating medium between them ; and it should also be 
pure, as if it contains lead this may be deposited as the zinc 
dissolves, and set up the very action it is intended' to prevent. 
Metallic aluminium is also used for the same purpose. 

Another protective *agent has recently been suggested as a 
remedy for tj,\e electrolytic corrosion of boilers. It has been 
found that solutions of chromic acid and its salts inhibit the 
rusting of iron by rendering the surface of the metal “ passive '' 
in some way. Many explanations have been ofliered for this 
effect, but it is not yet completely understood. „ 

In view of the important part which oxygen plays in the 
corrosion of boilers, it seems reasonable to believe that if rjo 
oxyge«..ba allowed to reach the iron through the water no corrosion 
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can take place. The removal of dissolved oxygen or air from 
boiler waters has, indeed, been proposed, the pre-heatiup[ of the 
water, and the use of scrap iron, being among the methods 
which have been suggested for this purpose. 

SOFTENING AND PURIFICATION OF BOILER WATER. - 
After a water intended for use in a boiler has been analysed 
and its mineral constituents determined, it is possible to pro- 
nounce whether it can be used in its natural state, and, if not, 
what treatment it must first undergo. In considering water 
purification it is convenient to divide the impurities wliich need 
removal into two classes — namely, those which are precipitatei) 
on boiling the water under atmospheric pressure, and thosc^ 
which are not deposited under such conditions. In the lirst class 
calcium carbonate is the commonest impurity ; the behaviour 
of magnesium carbonate is similar but not iclentical, as its de- 
position from boiling water is less complete than that of (alciuni 
carbonate. A saturated solution of calcium carbonat(‘ in water 
saturated with CO, a,t 10" C. = 50" F. and 7()0 mm., contains 
()l*b grains per gallon of this salt, and ojie of magnesium car- 
bonate under lik<' circumsta.n(*es contains ‘J,030 grains per gallon. 
On boiling such solutions at atmospheric pressure, th(‘ bulk of 
each salt is precipitated, the amount left in solution being about 
2*5 grains per gal^pn for calcium carbonate, and 7 grains per 
gallon for magnesium ca.rbonate. In actual boih‘r watei's such a. 
condition of saturation does not occur, but tlu^ fjuaiitities of 
CaCO.; and MgCO., left in solution when the water is boiled 
at atmospheric pressur(‘, are approximately those just given, 
althouglj some allowance must be mad(' for th(‘ solvent influence 
of other salts simultaneously present. It is evident from this 
that the bulk of these carbonates can be removed by boiling the 
water previous to its admission to the boiler ; this is practised 
when feed water is lieated by waste steam, a de,[)osit being then 
produced in the heater instt'ad of in the boiler.'^ 

The same action occurs in reservoirs us(‘d to store water at a. 
high temperature and pre.ssure outside tin* boiler - in order to 
meet emergency demands, as in the case of boilers at elec.trif- 
lighting stations — with the addition that UaSt)^ is also thrown 
down. In many cases, as in non-condensing engines utilising 
the exhaust steam for producing a furnace draught, pre-heating 
the feed water is impracticable, and the removal of* CaCO;; and 
Mg(K).; must be otherwise effected. 

Th(' pros-’ess usually adopted consists in adding lime to the 

* Mere* heating under atino|iiheric pressure only frees the water from 
and CaCOj, and leaves untouched the still more objectionable • 
scale-forming constituent, CaSOi (v.i.). 
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, water to be softened, in amount just sullkuent to combine with 
that quantity of CO., wliich is concerned in holding the OaCO. 
and MgCO.j in solution, whether it exist as bicarbonate or in 
tlie free state. If the C^X, were present in the proportion indi- 
<ated by the formula Ca(JO.j,H._,CO;^ (the calcium bicarbonate 
sometimes assumed to exist, see p. 132), the (quantity of lime 
requisite would be equivalent to the lime and magnesia present as 
carbonates in the water. Such relation between the carbonates 
and the CO.^ is not found in natural waters, there being always 
an excess of CO.„ ne(*essitating a larger amount of lime to effect 
the softening than that which corresponds with the CaCO., and 
MgOO.{ present. The function of the lime h to combirfe with 
the ('()., other than that present as CaCO., and MgCO.. to form 
(JaCO.j ; this is precipitated, and, simultaneously, pre-existing 
€aC();< and MgCO^ are also precipitated. 

It has been found by E. Bartow and ,1. M. Lindgren that in 
th(‘. treatment of waters (‘ontaining bicarbonates of lime, soda, 
a.nd magnesia with lime water, the reactions proceed in regular 
order, the lime acting successively on the CO^, combined with the 
lime, soda, and magnesia. If, therefore, insufficient lime is 
added to the water, calcium carbonate wfll be precipitateil in 
preference to magnesium carbonate. 

In practice, where spa('e permits, the lime U best added in the 
form of lime water, made by stirring exca^ss of lime with water 
until saturation is effected, and allowing the undissolved lime to 
settle ; the clear liquid contains about 80 to 90 grains of CaO 
per gallon, and is more reliable in its action than milk of lime, 
inasmuch as its composition is always known, whereas milk of 
lime may vary largely in content of (.^aO. Where space is limited, 
and a separate tank for the preparation of lime water cannot be 
used, a weighed (piantity of lime, sufficient for treating a known 
volume of water, is stirred into a cream with a little water, and 
added to the contents of the tank in which the softening is to be 
carried out. To ascertain whether an excess of lime has acci- 
dentally been added (such excess being objectionable, as it causes 
formation of incrustation in a boiler), some test which will show 
whether calcium hydtoxide is present in solution, must be applied 
to a small Altered portion of the water. Tests commonly in 
use for this purpose consist in the precipitation of silver oxide 
from the nitrate, of mercuric oxide from mercuric chloride, or 
in observing the reaction with phenolphthalein. With waters 
<‘ontaining magnesium salts, such as the chloride, the first effect 
of lime in excess of that necessary to combine with the OOo is to 
V decompose these magnesium salts, andi'^a portion of the result^ing 
magnesium hydroxide remains in solution until the water is 

i 
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hoatocl, when it is deposited, freqiieiitlv on tli(‘ injt‘elors and 
other feeding- apparatus of the boiler. 1diis drawback is mvt hy 
Aivhbutt by })assin^' furnace ivases into the tn^ated wat(‘r, the 
f'O., thus introduced serving to carbonate any excess of lime or 
any ma^iu'sia that may be present, witli at most, llu' etlVct of 
producinu' a slij/lit scale in the boiler. Tiie ])ro])('r amount of 
lime, either in solution or as a, cr(‘am, having’ been added, and 
thorou^dilv mixed with the water, se})ara.tion of the })recipitate 
can be (‘fleeted either by subsidence or lilt rat ion. The foianer is 
tile simpler, the latter the more rapid method, and choice between 
them depends on local circumstam-es. This proci'ss of lime tr(‘at- 
ment was ori«J5ina.ted by (dark, improvements in tiltration having 
been added by Portew, wh(‘nce the term Porter-(Jlark process,'" 
as applied to precipitation by lime and liltration through filter 
presses. It will be understood that this process is only adapted 
for removing that j)ortion of the incrustation-forming»c‘onstituents 
which is precipitated when the water is boihxl under almospheri(; 
pressure, and that it is without action on otluo’s- -c.f/.. CaSO, ; 
moreover, a certain amount of CaCO.{ and Mg(d),(, con‘es])onding 
with the solubility of these substances, remains in solution. 
With these limitations the process is ellicjudous in dealing with 
many hard cah-areruis waters. 

When leiTous errbonate is present in a water, this will also be 
preedpitated on treatment with lime ; mere a(M*ation will also 
.suffice to n‘move it, sinc(‘ it oxidises, yielding ferric hydroxide 
or basic carbonate, which is insoluble in water. The prc'cipitate 
should be sepa.rated by subsidence, as it causes the oxidation of 
the cloth of the filter press, acTing as a. carri(‘r of oxygen from 
the air to th(‘ fibre. 

Since the water in the boiler is used at a tem])era.ture above 
lOO'" C., often attaining, in high-pressure boilers, 150 to 200 ' (’. 

— 502'^ to 302 ' F., it is not suflicient to treat the, water so as to 
remove merely those substances which are precipitated on boiling 
under atinos^heric pressure, particmlarly as theses subst ances are 
not the worst offenders in the formation of scale. (Jalcium sul- 
phate is the most objectionable constituent of a boiler water of 
the hard (calcareous class, siime it forms with the Ca(H).,, which 
is generally simultaneously present, a particularly" dense and 
adherent scale, tine reason for the deposition of which has been . 
alr(^ady dealt with at p. 132. The usual method of treating 
waters containing Ca80, consists in the addition of sodium 
carbonate, which forms calcium carbonate and sodium sulphate 
by double decompositioi^ with the CaSO^. WTien the water 
alio contains CaCO-j ancl MgCO^, it may be first freed there-* 
from by addition of lime, and then further purified frejm TlaSO^ 
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by Nii./'O .. ’'I’Ilo .^oft(‘iuim ajioiits can be added to^etlu^r, wliou 
tliey become, in effect, a mixture of cau.stic sodii and calcium 
carbonate (wlien (‘<|uivalent quantities are used), or thes(' sul)- 
.stances to}j;etlier with an c'xcess of either original reaiient (when 
the (|ujnitities do not hap]:)en to be e(|uivalent). Caustic .soda 
alorn* can be used when the amount of C0._, to be saturated is 
precisely e(|uivalent to the (juantity of calcium sulphate to lx* 
preci})ita,ted by the resultinjr .sodium <*arb(>nat(‘. When this 
relation do(*s not obtain, the caustic .soda must lx* su|)pl(‘mented 
by lime, should tlie (’()., be pr(*sent in greater aiiiounl than 1 hat 
(*(|uivalent to the (,aS(.).^ contained in the water. l)ut by s^odiurji 
carbonati* should the amount of (’0.^ be .smaller than this (‘(pii- 
vah'ut. ^riu* hdlowiiu; <M|uations will maht* thesi* ri'lations 
clear 

(1) CO., -J.NaOH Na.co., tl.,0. 

'. 2 ) Naj o.. : ( aSO, . Najsoj (aVo.. 

If tin* s(xlium carbonatt* prcxluced according; to th(‘ lirst (‘(piation 
be more than sufficient to precipitate the whole of the CalSO^ in 
accordance with the second equation, a portion wall remain in 
solution, and both constitute a waste and be injurious from a 
steam-raising ])oint of view\ On the other kand. if the CO^. in 
the first equation be insufficient to produce dAough sodium car- 
bonate for the realisation of the second equation, the whole of 
the CaSO., will not be precipitated, and the water will still yield 
an incrustation. Save in so far as it allows of the use of a more 
compact form of softening agent, the use of caustic soda is less 
to be commended than that of lime and sodium carbonate in 
the coiTect proportions, except where filter presses are to be 
u.sed, and the total precipitate to be handled must be kept at a 
minimum. 

All the well-known ])atented forms of water softening apparatus 
are based on the above chemical reactions. The methods of 
regulating and proportioning the supply of reagents have been 
brought much nearer perfection than formerly. They differ 
from one another sinqply in the mechanical arrangement of the 
plant, and in the devices for rendering the apparatus automatic 
in its action. 

An attempt has been made to substitute magnesia for caustic 
soda as a precipitating agent, the method consisting in filteyng 
the water through sawdust mixed wdth MgO. The lirst effect is 
to precipitate CaCO.^ and MgCO;^ by saturation of the which 
keeps them in solution, the resulting n;\agne8ium carbonate from 
'both sources then reacting with the CaS 04 , forming MgSO^ afid 
CaCO.j ; certain amount of MgCO;j remains in solution, but its 
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deposition on the boiler is not greatly objectionalde, as the sludge 
formed is loose and non-adherent. The presence of magnesium 
salts in solution, liowever, makes the formation of magnesium 
chloride and its subsequent deconqiosition in the boiler probable, 
and is, so far, undesirable. Other methods — chietiy of c*hemical 
rather than of technical interest, on account of the high cost of 
the materials — for treating boiler water containing CaSO^ are 
those involving the use of barium compounds, including the 
chloride, hydroxide, and carbonate, and of various sodium 
salts, particularly the phosphate, lluoride, and aliiminate. 
Bariuiji (‘hloride (lecomposes tlu‘ OaSO^ by double dec omposition, 
yielding CaCl., ancf BaSO^, which latter, however, setth's slowly. 
Barium hydroxide and cjirbonate act in ii. simila.r manner, the 
latter forming two insoluble compounds by reacting Avith the 
calcium sulphate^ — viz., (^dX),. nnd BaSO,. 

Sodium plios})bate has been usc^l to some ext(mt*as jin alter- 
native to sodium carbonate^ ; it reiu ts with (^aSO,, forming 
<*alcium phosphate. The advantJiges claimed f(H‘ it iire its 
convenience of applicjition, and th(‘- fa.( t tluit the precipitate 
formed is tlocc ulent and non-adhesive, whilst that prdouced by 
NaoOO.^ is somewhat dense and crystjilliiu*. its use is limited by 
reason of its high .price and its high com])ining Aveight, Avhich 
make it nine tinivS as costly as Na.jCO.. ; moreover, it cannot 
be used cold, the reaction i)eing slow and in(T>m])lete without 
the application of heat. 

Sodium fluoride is not used to .any extent ; it gives cidcium 
fluoride, a, somewhat voluminous precipitate, sodium sulphate 
remaining in solution. 

Sodium aluminate acts like caustic soda, Avith the addition 
that the precipitate of aluminium hydroxide which is foimed 
at the same time acts as a coagulant. It precipitates the bicar- 
bonates of lime and magnesia, and also reacts with other mag- 
nesium salts. Calcium sulphate, liowever, is unaffected by it. 

Attempts •have been made to deposit all the incrusting sub- 
.stancjes Avhich are present in the feed Avater, in the boiler itself, 
not alloAving the deposit to be distributed generally over the 
surface of the boiler, but confining the deposition to spots access- 
ible for cleaning out. Of this type is an apparatits consisting of 
!i delivery tube for the feed water, passing through the Avater 
sp^ce of the boiler, and having its exit end above the water level. 
CaCOo, CaS 04 , etc., are deposited in this feed pipe befoie the 
water ^debouches into the boiler itself, and can be mechanically 
removed. The success devices of this class chiefly depends on 
allowing the feed Avater to travel slowly to its exit, so as to allo^ 
time for complete deposition. It must be understood tTiat the 
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trouble of incrustation is not removed, but transferred from the 
boiler to the feeding apparatus. 

Various plans have been suggested for overcoming the sluggish 
subsidence of the precipitate obtained when certain waters are 
softened, notably those drawn from a river instead of a well, and 
containing organic and clayey matter in suspension. A simple 
and efficacious plan consists in leaving the sludge from the first 
purification in the precipitating tanks in which the next batch 
of water is to be treated, and agitating this sludge with the water 
during treatment. The coarse preformed precipitate induces 
the deposition of the freshly-formed, finely-4ivided precipitate. 
A small quantity of alum, aluminium sulphate, or ferrous sulphate 
is sometimes added together with the lime ; the flocculent 
hydroxide of aluminium or iron thus precipitated entangles the 
suspended matter and hastens clarification. 

The evils* attending the presence of oil and grease in l)oiler 
feed waters have already been commented upon, and it is im- 
portant that methods for removing this objectionable impurity 
should be adopted. Exhaust steam separators afford a partial 
solution of the problem. In these (jontrivances the steam is 
treated as such, and a partial condensation allowed to take 
place. The resulting water washes the remaining steam, the 
oily water being separated either continuou^y or at intervals. 
These contrivances, however, arc not absolutely effective. 

Filtration through sand or sponges has been employed more o\‘ 
less successfully, but the most satisfactory method of eliminating 
oil is by chemical means. This entails the formation of a pre- 
cipitate uniformly throughout the water by the introduction of 
chemicals. The precipitate absorbs or clings to the oily par- 
ticles, and both are removed together by filtration. The per- 
cipitate may be either CaCO.p Mg(OH).j, Al(OH).., Fe(Oll).., oi 
a mixture of several of these. One cheap method often used 
for removing oil from condenser water is to pass it first through 
a sand filter, and then add it to the ordinary boilci^feed supply 
and pass it through the softening plant. The CaCO.j precipitated 
in the latter carries dqwn with it all the remaining oily or greasy 
particles. 

A reagent Auy largely employed in this way for removing oil 
and suspended matters generally, known as “ aluinino-ferric,” 
is crude aluminium sulphate. A precipitate of aluminipm 
hydroxide, Alo(OH), 5 , is prepared by the interaction, in situ, of 
this salt, and some alkali, such as Na._,CO.., NaOH, or lime, water. 

^ y.r/., ALlSOJo + 3Na,COa + 3H.,0 = + 3Na,SO, -r <, 

Stiiranother method has been recently adopted for removing 

I ( 
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t)il from water by means of electrolysis. A continuous current 
of electricity is passed through the water while it is passing 
between electrodes of aluminium or iron. The electrodes are 
gradually consumed, and a precipitate of aluminium or iron 
hydroxide is formed wliich collects the oil particles in the manner 
described above. The current has also a s('parate distinct 
effect upon the oil which tends to hasten the coalescence of 
the small globules into larger ones. In general, the resistance 
of condenser water is too high to permit of the ])a.ssage of a 
sufficient current, and it is necessary to add lianl water, or 
some, suitable salt, to get over this difficulty. 

It must not be supposed that a water when free from con- 
stituents capable of forming an incrustation is necessarily suit- 
able for boiler use. If hard with (alcium sulpliate, the removal 
of this substance by means of sodium carbonate leaves in solution 
an equivalent of sodium sulphate, which, if })r(;{sent in largi*^ 
(juantity, is found to (‘aus(‘ priming in the boiler. (Hy the 
t(‘rm priming is meant such tumultuous ebullition as causes tlH‘ 
projection of finely -divided water, as spray, into the st('am 
space, whence it travels to the cylinder, causing bad economy 
in the working of the engine.) Excess of sodium carbonate 
added to the Wi'j;(‘r lias the same effect, and natural waters 
containing sodium carbonate (which are not uncommon) of 
course act similarly. vSuch waters may even have to lx* tn‘ated 
with calcium chlorule to decompose the sodium carl)onat(* and 
leave the comparatively harmless sodium chloride. 

Although a considerable amount of work has b(*en done on tin* 
.subject of priming, it is still very obscure. MHJill draws the 
following practical conclusions from his investigations on tlx* 
subject 

(1) The contents of sodium salts must lx* k(*|)t down to a 
minimum. Marked foaming takes place unde]- It) lbs. pr(‘ssure 
when the contents of Na.,U reach 1,500 parts [x*r million (lt)5 grs. 
per gall.). , At 20t) lbs. pressure it is presumabh* that the foaming 
limit will be at a much lower concentration. 

(2) Calcium hvdrate in excess will cause foaming in presence 
of saponifiable fats, which are always pr<?sent, in traces, in boiler 
concentrates. Hence the necessity of avoiding #xcess of lime in 
water treatment. This applies still more strongly to sodium 
l^j^drate. 

(3) Solid matter in suspension predisposes to foaming. 

in connection with this subject is a very singular point, to 
which attention has been given lately, and wdiich is now well 
•established ; it is tluil under boiler conditions NaX'O;, jmY 
become to some extent converted into NaOH. The c^act way 
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in which this occurs is still uncertain. Amoiiji those who have 
investigated the (juestion may be numtioned Messrs. Tatlock <fe 
Thomson, of Glasgow, who, “ from a considerjition of the whoh; 
question, think it possible that the Mg(OJ:I)., produced from the 
MgGO,. acts slowly as a causticising agent at the high temperature 
inside the boiler.” Tn one case in which gallons wc're 

<*oncentrated to 20 gallons, 15 per cent, of the total Na.X’O.. 
was converted to NaOlf. 

Boiler Compositions. — To avoid the (ost of the ])lant 
n(‘cessary for removing th(‘ scale-forming constituents in a fe('d 
water, it is customary, (*sj)ecially on tlu^ part of small powcu- 
users, to add some composition to the wat(‘r in th(‘ boiler with 
a view of preventing the deposition of a coherent incrustation. 
Many proprietary preparations are sold for this purpose, of 
which it is sufficient to say that none should be used without a 
knowledge both of its composition and of that of the water to be 
treated, and that all are sold at prices bearing but a remote 
relation to their intrinsic values. 

Caustic soda or soda ash (Na.jCOj) forms the basis of a very 
large number of these anti-incrustators ; these are elective 
when used in the proportion demanded by the particular water 
to be treated, but may cause priming if added in excess. They 
owe their vhtue to the fact that they decompose calcium car- 
bonate and sulphate, with the result that the deposition of 
calcium sulphate is avoided and the incrustation is compara-'* 
tively loose. The prevention of a dense adherent scale being 
the object of the use of these preparations, any salt capable of 
forming a non-cohering precipitate with the calcium sulphate in 
a hard water may be employed, provided it has no objectionable 
action of its own ; for example, sodium phosphate and barium 
chloride are constituents occasionally adopted. The decomposi- 
tion of calcium carbonate in the boiler is sometimes achieved 
by preparations containing ammonium chloride, which forms 
calcium chloride and ammonium carbonate ; the latter substance 
is deleterious, since it is volatile and exercises a corrosive action 
on copper and its alloys forming parts or fittings of the boiler. 
The use of ammonium chloride for this purpose has now been 
almost abandoned. 

Other anti-incrustators which have for their object the for- 
mation of a loose sludge in place of a coherent scale, are efficieiiit 
to some extent in that they contain amorphous organic rubbish — 
peat, sawdust, etc. — which hinders the mutual adherence of the 
scale-forming constituents of a boiler waJ^j*. A similar result is^ 
arK^.’ed at by employing tannin and other vegetable extractive 
matters ; ‘ in this case the action is aided by the formation of the 
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lime salts of slij>:htly acid substances of the character of tannic 
acid. The follo\vin<j; analysis by 3'atlock represents a typical 
anti-incnistator : — 


NaOH . 
Na.CO-j . 
Na..S(), . 

CaCO:: . 
Tannin . 
Organic, inal 1 (*r 
Water . 


12 :i0 )K*i- ce nt. 
1-24 

(CiiS ,, 

0-4S 

,, 

necH) 

5te()0 


lOO'O 

• • 

8till anotlier <‘la.ss of a-iiti-iiici“ustator has for its object that 
of increasing the solubility of the incrusting salts, and thus 
prevent their precipitation. ^J'he most usual oi these substanca's 
are gelatine, sugar, a.nd molasses. ^ 

A very common practice in America, and on the Stat(‘ Hail\N a.ys 
of Austria., Hungary, and Belgium, is to put petrohuim into the 
boilers to prevent .scale. Its action is purely mechanical. It 
gives an intinilesimal coating of oil to the cry.stals, which prevents 
them from coliering. Its effect is not lasting, as the petroleum 
is graduallv volatijised. Only retined ])etroleum (kmosem*) is 
used, as the crude iil is liable to give a dang(n*ous greasy deposit. 
An objection to fatty substances, whi(*h have also been exploited, 
lias been alreadv stated under the head of oily iiurustations 
(p. 141). Antin' ncrusta tors have their value under certain 
conditions of limited .spac(‘. or smallness of plant, but if adopted 
they should be bought under their own names and at their own 
market prices, instead of at fancy rates under proprietary titles. 
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CHAPTER I\ . 

THE CHEMISTRY OF LUBRICANTS AND LUBRICATION. 

The func tion of a lubricant bc'ing to keep the .surfaces on which 
it is smeared from coming into contact with each other, and at 
the same time to allow of their motion relative to each other to 
take place with as little impediment as pos.sible, it is obvious 
that a special class of bodies must be used for these purposes, 
having particles which slide easily over eacli other, while having 
sufficient cohesion to prevent the ready rupture of ji film com- 
posed of them. 

A further result of this conception of the functions of a lubri- 
cant is the realisation of the fact that the, speed with which 
the surfaces move over each other, and the J^essure tending to 
force them together, must be considered in (*lioosing any indi- 
vidual from the class fitted for a given kind of work. Th6 
logical outcome of this is that every different kind of bearing 
needs a different lubricant to enable it to run with the least 
friction. In practi(*e it suffices to use a different kind of lubricant 
for each different class of bearing, even when the members of 
the class are not identical. The disadvantages of using a lubri- 
cant not the absolutely best for the bearing, is more than com- 
pensated for by the advantage of having comparatively hnv 
kinds of lubricants to provide and distribute. 

Oils may be regarded as typical lubricants. Fatty oils, that 
is to say, oils consisting of the glyceryl salts of acids of the fatt}' 
and similar serie.s, have been almost exclusively used until com- 
paratively modern tim^s. Since the rise of the petroleum industry 
it has been fov.nd that certain of the fi-actions obtained in dis- 
tilling crude petroleum, which are intermediate between the light 
burning oils And the heavj^ pitchy residue, are excellent luf^i- 
cants, possessing important properties which give them, in some 
respects, th^. preference over fatty oils ; they are, accordingly, 
largely prepared and used. Of solid lubricants there is a con- 
litderable variety, the individual memfers of which are chieflV 
used where exceptionally heavy loads are to be carried, or where. 
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as in outdoor use, a cheap lubricant that will not drain or be 
washed away, is wanted. Such are axle grease, cart grease, 
black lead, tallow, and soapstone compositions. 

FATTY OILS — For a fatty oil to be of use as a lubricant it 
is essential that it should be non-dn'ing (see (HU. \o\. II.). It 
is also desirable that it should not readily become rancid, as 
during the change understood by the phrase “ becoming rancid,’' 
free fatty acids are often produced, which have a corrosive action 
on metallic surfaces with which they are in contact. The soaps 
of the heavy metals thus formed are pasty substances of too sticky 
a nature to be serviceable as lubricants. Oils which fulfil thes<‘ 
conditions arc sperm oil, neatsfoot oil, lard oil, castor oil, and, in 
smaller degree, olive oil, tallow, and rape oil. The first four are 
specially free from tendency either to dry or to become rancid, 
and are, therefore, the best examples of their elass. Choice 
between them depends on their viscosity or bod^v,” spertn oil 
being a light oil of low viscosity, which, liowever, it lad-ains as 
the temperature rises, whilst neatsfoot oil and lard oil are of 
greater viscosity, but diminish in body with rise of temperature 
to a greater extent than does sperm oil. Castor oil is dis- 
tinguished by its great viscosity, on which account it is us(‘d 
for lubricating heavily loaded journals. With regard to the 
remaining three f)live oil is a good lubricant if originally free 
from fattv acid, and not allowed to become rancid in use ; rape 
• oil is also useful on account of its high viscosity, the advanta,g(' of 
which compensates in great measure for the drawback arising 
from its tendency to gum. Tallow is esteemed for heavy lojids 
and high temperatures, and is, therefore, used for cylinder lubri- 
cation, but is apt to be decomposed by high-])ressure steam, and 
consecjuentlv to yield fatty acids and their salts of iron, copper, 
by action upon metals with which it is in contact. 

In stating the viscosity of an oil. it is usual to adopt the 
viscosity of rape oil at (K)^ F. as a. standard and to e-all it KK). 
The oils ek'seribed above have at 60" F. == 15-5 ' ('. viscositie^s 
which, referred to this standard, are represented by the following 
figures 


Sperm oil, ..... 

32 

Neatsfoot oil, .... 

• 87 

Lard oil, 

SH 

Castor oil, , . , . . 

. 1,100 

Olive oil, . 

72 

Rape oil, .... 

UK) 


* The difference in drop of viscosity with rise in tempcr(itty:e 
in oils of this class is shown in the following table 
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Oil. 

[ 

ViacoHity al 




F. fjO- r. \'di' F. 

loo- C. - 21 - 2 ^ F. 

i Sperm oil, 

:v2 

i' 10 

15 

Olive „ 

-<2 

' lM 

IG 

11 ape ,, 

\ 100 

■M) 

17 

Castor ,, 

1,1(K) 

\:>i 

27 








I'lioso figure's iiuli<-at(‘ th(‘ cIjiss of work for which (‘acli of the 
foro^roino oils is most siiita.l>l(‘, it l)(‘iii^ a <iOiifral rule tlijlt for 
<|iii(k-riiimi]ii'- hearings. carrvinLi’ low ])rossur(‘s, an oil of low 
viscosity is l)(*st tilt<‘(l. whilst for hoavv })r(‘ssur(‘s an oil of higher 
viscosity is r(‘(iuir(‘(l. KurtluMinore, wlnna* a healing is liable 
to rise in t(*m|)(M‘ature during use. it is d(‘siiabl(i that the oil 
ernployc'd for^lubricating it should change as little as possible in 
viscosity with rise of tenipcrature. In selecting an oil its 
viscosity must be considered as regards the temperature whicli 
is likely to prevail during the running of the bearing ; at tem- 
peratures above and below this the oil will not be working to 
the best advantage, but such imperfection is of little practical 
moment, if the viscosity be adapted for tlic ^oan temperature 
of the bearing. 

The behaviour of a lubricating oil at low temperatures is also , 
of obvious importance. As a rule, an oil is reejuired to remain 
liquid at the temperature at which it is to be employed. On 
exposure to cold an oil generally assumes the ( onsistency of a 
jelly or ointment, and refuses to flow freely. The determination 
of the temperature at whicli the oil undergoes this change ivS 
known as the '"cold test*’ and it should not be inconsistent with 
the conditions under which it is to be used. In lubricating oils 
to be used in railroad practice, the cold test is a vital one, and 
receives considerable attention. On American railways, for 
instance, it is not uncommon to specify that paraffin and neutral 
oils shall have a cold test above 10° F. for winter and 32° F. for 
summer use. Lubricating oils from Russian petroleum bear 
exposure to a very low temperature (— 20° F.) without becoming 
solidified. For the lubrication of air-driven rock drills, where low 
•temperatures aue experienced, kerosene has been successfully used. 

The classes of bearings which may be lubricated economically bt^ 
the oils spoken of above, are indicated in the following synopsis : — 

Sperm oil, . Quick running spindles lightly loaded. 

Neatsfoot oil, . Beai-ings exposed to low lerilperalures and mechanism • 
in which risk of corrosion is sj)ecially to be avoided 
(r. I. ) — c.?7., clocks. 
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I^ard oil, , . Shafting, engine, and machinery hearings. 

Castor oil, • . Bearings working at lieavy pressures and liigh speed. 

Olive oil, . . Moderate pressure and high si>eerl. 

Rape oil, . . Engine bearings and cylinder lubrication.* 

Tallow, . . Cylinder lubrication.* 


All fatty oils in their condition its expressed or rendered, 
contain free fatty acid, varying in iimount from about 1 per cent, 
in the case of good sperm oil, to 10 per cent, for common olive oil 
(calculated as oleic jvcid). It is a sound general principle tlnit 
lubriciitiug oils should coiitaiu the least possible (|inintity of free 
fatty iicid ; 4 per cent, (calculated as oleic ticid) is the maximum 
permissible. Oils* that are rehned by treatment with sulphuric 
acid — ejj., 7*ape oil — iire liable to contain tr;t.ces of this acid, 
either free or in the form of a sulphonic acid. This impuritv is 
highly objectionable for lubrication. 

It must be remembered that all fatty oils tend to develo[> free 
fatty acids on keeping and in use (see Oils, \'ol. PI.), and that 
on this account a sample originally nearly free from free fatty 
acid may become acid to an objectionabh^ extent during use. 
Olive oil is the worst, in this respect, of those mentioned above. 
As tlie temperature rises, the tendency for the development of 
free fatty acid increases, and when the oil is also i]j contact with 
high-pressure stea A, hydrolysis occurs freely and much fatty acid 
is liberated. 

• The general character of the fatty lubricating oils is given in 
the section on fats and oils. 

MINERAL OILS. — These are all higher fractions of })etr()leuin 
and shale oil, and are produced in many different grades, ranging 
from a light oil as thin as sperm to a semi-solid mass resembling 
axle greUse in consistency. The exact grade to be used in anv 
given case is determined by consideration of the load to bo 
carried and the speed of the journal ; the liiglier the speed and 
the ligliter the load, the thinner the oil that will give the best 
results. T^ie following table gives the viscosity of oils at different 
temperatures suitable for distinct classes of bearings, the viscosity 
of rape oil at 6(1^ F. = 15*5*^ C., being taken as lUO : — 


(HC K. ! K. I i F. 

i -(MiM'. I r-inFM'. 


' '■> ! I 

j Cylinder, . . . ; Scun-Kolid i :i() ; 17 \'l 

Med i .7 ni machinery, . j lOU 19 | IS 10 

I Spindle, . . . j 5H i 9 i ;i S 

1 ' ^ ! 


* No fatty oil is really suitable tor cylinder iubj icaliu?^ 
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When once tlic best oil has been decided upon, future sii])plies 
of satisfactory c|uality can be obtained by comparing 'the results 
of a chemical examination of the two samples, and seeing that 
the essential properties of the oil, and notably the viscosities at 
different temperatures, arc substantially identical. The fault of 
most mineral oil is the great loss of viscosity which they undergo 
by rise of temperature (as will be seen from the above table), so 
that an oil which at the ordinary temperature of the air is amply 
viscous for its purpose, may become altogether too fluid and 
mobile at the temperature of the bearing which it is used to 
lubricate. Russian mineral oils lose their viscosity with an 
inc]-ease in temperature more rapidly than do* American oils of 
the same specific gravity, but in both classes the reduction is 
most rapid in the case of the most viscous oils, and as the Russian 
have a higher viscosity than American oils a more rapid reduction 
in the former case might be anticipated. The viscosity of an oil 
should, therefore, be determined at the maximum temperature 
that the class of bearing upon which it is to be employed is likely 
to attain. Besides a suitable viscosity, mineral oils used for 
lubrication should have a high flashing point, considerably above 
the maximum temperature to which they are likely to be exposed. 
Seeing that mineral oils are obtained by processes of fractional 
distillation, tliey frecjuently contain constituent of lower boiling 
point than that at wliich the main part of the oil begins to distil, 
and consecjuently may possess a low flashing point (see Petroleum, • 
Vol. 11. ). For a lubricant, a low flashing point is injurious, as 
it involves a greater fii'e risk, and also occasions waste by evapor- 
ation during use. This objection does not arise with fatty oils, 
for their flashing points are usually high— c.^., KX)"" to 50(X F. = 
204° to 260° 0. No mineral oil should be used as a lubricant 
which has a lower flashing point than 150° C. = 302° F. : and 
when high temperatures have to be provided for, as in cylinder 
lubrication, still higher flashing points — ejj., 200° to 250^ V. — 
392° to 482° F.— are recpiisite. In the foregoing jjgures the 
flashing point meant is that obtained by the “ close test ; ” * 
when the “ open test (identical with the close test, save that 
the vessel in which it i& performed is freely open to the air) is 
adopted, flashing, points from 30° to 60° F. higher than those 
given by the close test are obtained for the same class of oil. The 
•temperature atr which the oil remains ignited (flring point) is 
still higher, the difference being sometimes as much as 100° F. 
The statement of the flashing point of an oil should, therefore, 

* This ia carried out by healing the oil in aygssel which allows of very 
liinitod access of air, and applying a light as the icmperature rises, until the * 
vapour froi*' the oil ignites with a slight flash. 
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.always be ac(*ompaniod by a. note of tlie method by which it 
lias been determined. 

In a (‘vlinder oil, besides the necessity for a hi.u:h Hashing })oint, 
is the requirement that the oil should yield but little matter 
volatile in a current of steam, lest a portion of it be vaporised 
with the exhaust steam, and, entering the condenser. 11 nd its 
way into the boiler (p. 111). As it may hap})en that a portion of 
the oil is volatile independently of the presence of steam, this 
([uality should also be determined in valuing a mineral oil. Ihe 
loss at the maximum temperature to which the oil is to be exjjosed. 
should not exceed 1 per cent, in six hours. A good mineral 
lubricating oil siwuld be thoroughly refined — tluit is, fre<' from 
mineral or organic acid, alkali, and tarry matter. Parallin wax 
should be absent, as it separates on cooling, forming a semi-solid 
magma instead of a highly viscous fluid. 

MIXED OILS.- The facts that mineral oils have no tendency 
to change by exposure to the air, and neither guib nor attack 
the metal of the bearings, a,nd that fatty oils retain tlunr viscosity 
fairly well on rise of temperature, have led to the use of mixed 
oils, which to some extent combine the good qualities of both 
classes. As, however, they are invariably sold under fancy 
names, at fancy prices, it is always cheaper and more satisfactory 
for the user of lubricants, should he need sufficiently large quan- 
tities, to buy fatty and mineral oils sejuarately, und(‘r proper 
* expert advice, regard being had to the class of bearing to be 
lubricated ; such oils may then be blended by himself. Jho- 
miuent among mixed oils are cylinder oils and “ valvolines,'’ 
A\hicli arc intended to carry the heavy pressures and endure th(.‘ 
high temperatures that obtain inside a steam cylinder. Heavy 
fatty lubricants, such as tallow, are apt not only to lose a great 
proportion of their viscosity at these temperatures, but arc also 
split up by the steam in the manner already referred to, and the 
liberated fatty acids act freely on the metal of the cylinder with 
which they are in contact, producing masses consisting of the 
soaps of the heavy metals. These soaps not only ])lock and gum 
up the moving parts, but are indiciations of the fact that, to 
produce them, serious corrosion must have occurred. Very 
heavy semi-solid mineral oils mixed with fatty qils or w ith soaps 
are, therefore, found to lead to less trouble than fats alone, the 
corrosion being greatly less, while sufficient viscosity to properly 
lubricate the moving surfac^es is retained. Most fatty oils can 
be used for improving mineral oils in respect of constancy of 
viscosity, and even those which become rancid and hydrolyse 
(‘readily are less liable U those changes when in a mixture, ^han 
when used per se — the mineral oil exercising a protective, influence. 

1 
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8efuii^ tliiit tk(‘ function of the fjitty oil Jiddod to a. mincr.il 
lubricant iti to raise its viscosity, castor oil is fr(M|iionfly used for 
this purposf^ ; it is. however, not miscible in all ])roportions with 
mineral oil, and its blendinji is, therefore, effected by the addition 
of a. third oil, such as lard or ra})e oil. Blown oils, which an^ 
prepa.n‘d from rape or cotton seed oil (see Oils. Vol. [[.). have a 
viscosity even surpassinj^ that of castor oil. but their use is not 
le‘;itimate unless acknowledf^ed. 

The use of mineral oils, sometimes of very indifferent (jualitv, 
or ill-fitted for the purpose to which they are a])plied. has led to 
aittempts to increase their viscosity, especially at high teni])era- 
ture, by the addition of various substances, \\^iich mav be* con- 
veniently known generically as Oil thickeners. 

Mineral oils may be rendered solid or semi-solid bv tlie addi- 
tion to them of a small (juantity of soap — that is, the alkali salt 
of a fatty acid. The soaps ” containing other metals, notabh' 
aluminium, combined with a fatty acid, are still more effective. 
There is a considerable trade in the manufacture of aluminium 
oleate, stearate, and palinitate, which are generally prepared bv 
precipitating the corresponding sodium salt with alum or 
aluminium sulphate. 

A mixture of mineral oil witli 10 per cent, of aluminium soap 
has been sold largely under the misleading %name, “gelatin."’ 
Opinions differ as to the eflicacy of such oil thickeners. The 
spurious viscosity is said to rapidly diminish when the oil is# 
heated. Some authorities regard this addition to mineral oils 
as pure adulteration. On the one hand, it has been objected 
that in contact with water and steam the aluminium soap is 
precipitated and clogs the machinery, while, on the other hand, 
it is maintained that by the presence of aluminium soap the 
adhereiu e of the lubricant td metal surfaces is much increased. 

These bodies (oil pulp) are dissolved in a small quantity of 
mineral oil and the product (oil thickener) used for the purpose 
above-named, by addition (in regulated amount) to^ the oil it 
is desired to thicken. Unless acknowledged and offered to the 
consumer without disguise, oils thus thickened must be con- 
sidered adulterated. Indiarubber, rosin, and similar viscous 
materials are alsr employed for the same purpose. 

Analysis of such an oil thickener is quoted by Allen : — 


Mineral oil (specific gravity 0*900), 
Lard oil, 


Alumina, 


( 


Fatty acids, \ 


Oil pulp, 


Per cent. 

48 

15 , 
() 

30 


Yo 


remedy the defect which some liquid lubricants have, of 
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being wasteful in use, and to reduce their consumption, a class 
of oils kno\^n as “cohesion oils"' have been compounded, which 
are distinguished by a lower degree of Iluiditv than the ordinary 
grades. Opinions vary as to the efficiency of these oils. The 
basis of them is a more or less visc'ous fat ; crude rape oil is 
most frequently used, whilst occasionally tallow, palm oil, neat's 
foot oil, or other solid fat is added to reduce the fluidity. In 
addition, they all contiiin resin oil (8 to 20 per cent.) and American 
pine resin, which imparts the characteristic property of viscosity. 
A tvjiical aiuilvsis of such an oil is- • 


Raw rapt^oil. 

Ver rent 

7li 

Refined tallow. 

4 

Resin oil, .... 

10 

American piiU‘ r<‘sin. 

10 


100 


A product known as “ soluble petroleum is ])re])ared by ]:)ar- 
tially saponifying resin previously dissolved in the oil, or by 
blowing air through a mixture of rosin oil and caustic soda 
solution, and adding to tlie jelly-like mass thus obtained an 
aqueous solution of a fatty oil soap, and mineral lubricating oil. 
The product is intended to be employed in admixture with water, 
as a lubricant, especially for tools used in boilfKg and cutting 
metals, and is stated to have given excellent results. It should 
t)e remembered that lubricants for cutting tools not only reduce 
friction between the chip and the tool, but when used in suflicient 
quantities help to dissipate the heat generated, and thus increase 
the life and output of the tool. Lard and sperm oils are veiy good 
lubricants for cuttmg wrought iron and steel, whilst a 5 per cent, 
solution of sodium carbonate is also excellent. Another lubri- 
cant commonly used is an aqueous solution of soft soap and soda. 

A further example of the compounding of mixed oils may be 
seen in the following table showing the composition of three 
turbine-oils suitable for light, quick-running shafts, and axles : — 
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For the purpose of disguising the presence of mineral oils, 
certain compounds are sometimes added to destroy their fluor- 
escence or “ bloom.'' This peculiar property may sometimes be 
obscured by exposure to light, but more rapidly and certainly 
by subjecting the oil to a process of limited oxidation by treat- 
ment with nitric acid. Turmeric, a-nitronaphthalene, picric 
acid, and dinitrotoluene also destroy the fluorescence, the last 
named being frequently used in the proportion of 4 lbs. to the 
ton of oil. 

SOLID LUBRICANTS. — Tallow by itself cannot be con- 
sidered as a good example of a solid lubricant, as when used 
alone it is generally for cylinders where the temperature is hbove 
its melting point, and it functions merely as an ordinary oil. 
A better instance of a solid lubricant is afforded by the mixture 
of tallow and plumbago sometimes used for heavily loaded 
journals where the temperature is low enough to allow of the 
tallow retaining its condition of solidity. 

The following analyses represent some typical tallow lubricants. 
Nos. 1 and 2 are said to be used on the Austrian railways in 
summer and winter respectively, while No. 3 is a very efficient 
axle grease frequently used in Belgium and England : — 



1. 

2. 

1 

3. 


Per coni. 

Per cent. 


P(!r cent. 

Tallow, 

90 

75 

Tallow, 

64 

Olive oil, . 

1 1 

15 

Pork fat, 

IG 

Pork or hor.se fai. 

0 1 

10 

Palm oil, . 

16 


i 

^ 1 


Graphite, . 

4 


Probably the largest use for solid lubricants is for railway 
carriage axles. Good axle grease consists of a small quantity of 
soap serving to entangle, render more concrete and thoroughly 
emulsify a mixture of fat or fatty oil and water. The usual 
procedure in making these greases is to mix tallow or palm oil, 
or both, with a liquid fatty oil — such as rape oil — water, and 
caustic soda or carbonate of soda, the alkali serving to form a 
small quantity ^of soap with the fatty acid invariably present in 
commercial oils and fats, and to act in the manner described 
above. It needs much skill to procure a good grease of which 
the constituents will not segregate on exposure to the tempera- 
ture which it is likely to attain when used as a lubricaMt — 
150° F. = 65° C. As the fats of which the grease is made melt 
at a temperature below that which tke grease is intended t<i 
enaure, the amount of soap, and water emulsified by means of 
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the soap, are the chief causes of its satisfying this condition, and 
it is perfectly possible, therefore, to prepare a grease which is 
both more costly and less effective than another properly mixed. 

Keducing the amount of water very much below 40 per cent, 
is apt to cause the fat to segregate when the grease is heated, 
and the grease to fuse as a whole at a temperature below that 
normal to a grease of good quality. On the other hand, in- 
creasing the water much above 50 per cent, robs the grease of 
some of its lubricating power, and is, moreover, unless provided 
for by a lower price, a fraud. For common purposes, es})ecially 
for outdoor work, such as the greasing of trolly axles, rosin 
grease«is used. It^^onsists of rosin oil (see Deslnictive fJistilldtion, 
Vol. II.) treated with slaked lime, Avhich converts it into a pasty 
mass of fair lubricating qualities. Rosin oil is composed of 
a number of unsaturated hydrocarbons, some of which have 
the property of combining with the hydroxides of the alkalies 
and alkaline earths ; the resin acids generally present in rosin oil 
doubtless contribute to this result. The compound thus formed 
can emulsify a large excess of rosin oil, so that commercial rosin 
grease may contain over 96 per cent, of its weight of rosin oil. 
Barium sulphate, kaolin, calcium carbonate, and black lead are 
often added as make-weights, and, if gritty, are not only diluents, 
but also actively objectionable. Soapstone would be a more 
reasonable addition. The following percentage composition is 
that of a typical railway grease : — Water 50, tallow 30, palm oil 
10, sodium carbonate 10. 

It has been already mentioned that mineral oils may be rendered 
solid or semi-solid by the addition to them of soap. Such “ solid 
petroleum lubricants are largely used as axle greases, and they 
are usually prepared by saponifying a fat by means of lime, 
soda, or occasionally litharge, and dissolving the resulting soap 
in mineral oil. The following analyses represent typkial axle 
greases belonging to this class (Archhult) : — 


Linu! Soiip^G lease. 


Mineral oil (0‘885- 


0-912), . 

Neutral oil or fat, 

72-0 

0-5 

Fatty anhydride, 

17-0 

Lime, 

1-9 

Water, 

, 8-0 

• 

1000 

• 



Soda Soup Grease. 

Mineral oil, . 55’00 

Neutral fat, . 8*97 

Soda 8oap, . 16’3 1 

Sodium carbonate, 3 19 
Sodium sulphate, 107 
Water, . . 15-00 


100-00 


Leml Soa)! Greasi*. 


Mineral oil, 

. 48*0 

Neutral fat. 

. 8-7 

Fatty acid, 

. 2-0 

Resin acid. 

. 9-9 

LeacFb ide. 

. 3-0 

Lime, 

. 0-9 

Water,' 

27-2 

100-3 


• Vaseline and crude Ki^iolin (“ wool fat '*) are also used^for^ 
lubricating purposes, and are said to form excellent axlc^ greases. 
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Such a ^reas(^ may be prepared by lieatiii*^ some vegetable oil 
with milk of lime and vnseli?ie and then adding meRed lanolin. 
The following figures indicate approximately tin* proportions of 
ingredients used : — 


Crude vasoliius 
Crude lanolin, 
llayie oil, . 
Quieklirru'. 
WatcM-, 


loo'l 

S I 'Flic grease may lie slifTened 
*2 J- by the addition of 10 to 
I I 2t> p(‘r ('(‘ 111 . of soapstone. 

dj 


The use of grapliitc, either alone or mixed with various oils 
and greases, as a, lubricant, has extended sc^ largely in V(',c(nit 
years that it deserves separtite mimtion. It is not easily carried 
away from the wearing surfaces, can stiind grt^at jircssure, and 
requires only tin inlinitesimal clearance-space between siirfaci's 
by filling up all the minute cavities and irrt^gularitios in the 
surfaces, giving a hard polislied surface which reijuires relativ(‘l\ 
little lubricant. It is, moreovtn*, peculiarly fitted as a. lubricant 
for gas-engine (\vlinders, being entirely inert and unaffected b\- 
heat or cold, st(‘ain or acids. 

A modified form of gra})hit(i known as colloidal ” or dc- 
(locculated ” grapliite has lieen introduced recently by .\cheson. 
In this form the graphite is in an extremely state of division, 
and is suspended (.‘ither in oil or water, according to the con- 
ditions under which it is to Ixj us(‘d. 

CORROSION INDUCED BY LUBRICANTS.— ( >)rrosion is 
induced by tlie presence of free fatty acids in fatty oils and in 
admixtures of thos(? witli mineral oils: it increases, though 
perhaps not in direct ratio, with the percentage of Ii(H‘ fatty 
acid. Oils, whether fatty or mineral, imporfecdly relined and 
containing in consequenc(‘ fr(M‘ mineral acid, or sulphouates 
which are readily split up into acid ]:)roducts. will also give rise 
to coiTOsion. 

It seems probable from Donath's experiments that the con’osive 
action on metjils of lubricating oils containing free' fatty acids 
depends to a great extent on whethei- the oiled surfaces com<‘ 
into contact witli atm(;ispheri(r oxygen, and whether, by conden- 
sation, or other means, water gets into the oil. It is dinicult to 
account in any* other way for the very erratic manner in which 
corrosion sometimes tiikes place. 

It is ail interesting fact that the soaps of iron and other lieaVy 
metiils arc soluble in hydrocarbons, though insoluble in water, 
the reverse being the case with the alkali soaps. Conseipumtly 
the iron soaps produced in cylinders by ffttty oils become dissolved 
but whenever a change to mineral oil is made. This fact is well 
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known, but it has been wrongly attributed to a production of 
gummy malter by the mineral oil itself. 

“ Brass bearings — that is, bearings made of gun-met<il or 
similar alloys — are often severely attacked by an acid lubricant, 
while iron and steel are less affected, and white metal bearings 
suffer least of all. A lubricant containing an ajipreciable amount 
(over 1 per cent.) of free acid before being put into use, should 
not be tolerated. Those containing fatty oils may, although 
originally neutral, develop fatty acid (p. 157), and their condi- 
tions of use may be such that this alteration is inevitable. The 
develQpment of acidity in oils is of considerable importance in 
modern engineering practice, inasmuch a.s most large users of 
lubricants arrange to supply a. continuous stream of oil to all 
heavily loaded bearings tliat must be kept cool, and recover the 
oil, filter it, and use it again. Merc filtration will not affect its 
acidity, and if of a nature to become acid, it should Ije freed from 
acid at intervals by treatment with caustic, soda, or rejected 
altogether, and a new supply procured after due analysis. 
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METALLURGY. 

Metallurgy deals with the treatment of metalliferous minerals 
(ores) for the purpose of winning the metals which they contain, 
and with the subsequent purification of the crude metal first 
obtained. For convenience, metallurgical proce«scs may be 
regarded as falling into two classes, dry and wet, the former 
including those in which advantage is biken of the reactions 
which occur at high temperatures, and the latter dealing with 
those dependent on such reactions as take pla(*c in aqueous 
solution. 

A. METALLIFEROUS ORES. — Comparatively few of the 
metals are found native — i.c., in the metallic state — cither 
approximately pure or alloyed with some cognate metal ; the 
majority of them occur in the form of true ores, which are com- 
pounds of metals wdth non-metallic elements, ^riie following 
classification includes most of the common ores : — 

(1) As metals — Copper, bismuth, mercury, silver, gold, ])latinum and its 
congeners. . iSilver and gold are found alloyed. 

(2) As oxides — ^Iron, copper, tin, zinc, manganese and aluminium. 

(3) As sulphides — 1^‘ad, copper, zinc, antimony and mercury. 

(4) As carbonates — Copper, zinc, lead and iron. 

(5) As haloid salts — Silver, aluminium and sodium. 

(G) As arsenides and antimonides — Nickel * and cobalt. 

It must not be supposed that commercial ores are usually 
pure substances of fixed composition, like those to which they 
are referred in the foregoing list. Pure specimens of each of the 
compounds exist, but are too rare to form a sui’rce of the metal. 
The ease with which metals replace each other in minerals. 
Igads to the existence of ores wdiich, although rcferahle to one 
of the above classes, contain tw o or more metals. Thus, unmixed 
sulphides of coppci’ are far less common than copper pyrites, 
which contains both sulphide of copper and that of iron. Ores 

* Also found in large quantities as a double silicate of nicl<iifl cud 
magnr*sium. 
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m'G fissociatecl with valiieloas curthv matters — r.r/., oxides, car- 
bonates. and silicates of difliciiltly reducible metals, such as 
al\iminium, calcium, and magnesium (also with silica as quartz). 
The iH'cessity for the separation of this gangue before^ the mincTal 
can be j)ro(itably rc'cluced to metal, much diminishc's the value* of 
the ore. 

B. METALLURGICAL PROCESSES. DRESSING (Sizing and 
Concentration). — ^rhis consists in ])artially fre(‘ing the ore from 
gangue by meclianical metliods, and conqn-ises hand-picking, 
to remove largci lum]).s, follow(‘d by reduction to coarse })owder 
and separation by levigation. The first crushing of large |)i(‘ces 
of ore is usually ])erform<‘d by .some modifier’ form of Blake's 
jaw-cruslier. 'fhe impure ore is then taken (‘ilher to crushing 
rollers or t(» the stamping-mill. Sizing apjiaratus or sorting 
machine's are enqiloyed for dividing the crushed orc'-stufl' into 
grains of several sizes. One kind of a])]>aratus in use? consists 
of a sei’ics of Hat-bottomed sieves with-graduated meshes placed 
on different levels and mechanically agitated. Rotating drum- 
sieves or trommels are, however, more frequently employed. 
After the ore stuff has been thus sorted according to the size of 
the grains, the next step is to separate by specific gravit}' or 
otherwise the pure ore from the gangue asso(aatcd with it. If 
more than one kind of mineral is present thesfVaro also frequently 
separated by gravity. For this purpose hydraulic or pneumatic 
jiggers are employed, in which the particles are washed })y a* 
stream of w^ater (or air), whilst being subjected to repeated up 
and down motion, in which the ascent of the jigging stuff takes 
place by jerks, but in the descent it falls freely. In this way the 
ore collects at the bottom, and the gangue is skimmed off or 
otherwise removed from the surface. For dressing fine sandy, 
mealy, or slimy orc-stulf, buddies or sloping tables are used, 
over which the fine stuff suspended in water descends, the par- 
ticles of different specific gravity being deposited in different 
parts of the “ table.'' There is an endless variety of tjiese jiggers 
and buddies, for details of which the larger w'orks on metallurgy 
should be consulted. For an illustration of mechanical dressing, 
the treatment of tin are, wdiich will be dealt with in its own 
section, may be puoted. Where the ore is magnetic, it is possible 
to separate it from the gangue by washing the crushed ore between 
the poles of a magnet. ^ 

The applications of magnetism to ore dressing have received 
considerable attention in recent years, and fall under two heads — 

(1) Concentration of magnetic minerals from the gangue. 

^ (2) Separation of two or more minerals of similar specific* 
gravity iur the products of a preliminar)^ Avater treatment. 
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Magnetic concentration (as distinct from m:»^iioiic so}>aration) 
finds its pl-incipal use in the treatment of magnetic iron ores 
{q.v.). Ores carrying chalcopyrite (cop})er pyiites. ('iiFeS.) ari‘ 
also treated in this way. This mineral has a, tendency to 
slime when crushed, which gives rise to important- losses in 
subsequent wet (‘oncentration ; by roasting it becomes magneti(\ 
and is readily saved by magnetic, attraction, even if finely 
divided. Minor appli(‘ations are in the separation of leucite 
(Al.O.^ . K.O . 4SiO.>) from lava, and in th(‘ treatment of gar- 
netiferous schists. 

Th^ operations of magnetic separation are generally more com- 
plex, As is welF known, all substances are acted upon by a 
magnetic field, though in very different degrt'es. In mod(Tn 
magnetic separating machines advantage is taken of small 
differences which various minerals exhibit in theii’ b(‘liaviouj- 
in a magnetic field. The method has proved of gre.^t import anc(‘ 
for separating zinc- blende from pyrile, marcasiti'. or siderite 
(ferrous carbonate). These latter minerals are almost noi^- 
magnctic, hut can be made magnetic by roasting and subsecjnently 
separated from the non-magnetic zinc mineral. Oxidised zinc 
ores often occur associated with hydrated oxide of iioii (limonite), 
a slightly magnetic mineral which may be separati'd in a higldy 
intense magnetic held, or rendered more strongly magnetic by 
roasting, and then removed. Magiudic- separation also finds 
^.pplication in th(‘ treatment of magnetic sand, in separating 
tin-tungsten concentrates, and in the pniifieation of eorundum 
(AIP 3 ). (Sec also under Iron, p. 17b, and Tin, p. ‘2b7.) 

In a more recent type of apparatus static electricity is employed 
instead of magnetism. Advantage is taken of the differences 
of repulsio'n exerted by or upon the electrically chaigod particles 
of metalliferous and non-metalliferoiis material resjiectively. 
Practically all sulphides (‘X(‘ept zinc hleiuh' ar(‘ conductors of 
electricity, and thus a se])aration of blende from ])yrite may b(^ 
made, whirji is not possible in the wet Avay. Cop])cr minerals 
are, as a rule, conductors of electricity ; the silicates and car- 
bonates least so, while the compounds with sulphni', arsenic, and 
antimony are v('ry good conductors. In such a. process various 
difficulties have to be overc ome, connected mow especially with 
insulation, feeding, and dust. The size of the particles must he 
within certain limits, and it can easily be understood that the 
presence of dust is harmful, since a non-conducting ]3article may 
be converted into a conducting particle by being coveied with 
the dust of a conduvting mineral. Climatic conditions also 
?ifiect the success of the 'operation. In spite of these? diflicnitie.^t 
however, there seems to be a field for electrostatic !ft‘paration 
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in arid regions, \vhcr<‘ \vat(‘r for milling purposes is scarcer The 
method has niade great advaiu^os in recent years/ Material? 
which arc good conductors passing over a surface liighlv charged 
with eIo(.:tri(*ity are rapidly charged with like eUictricity, and are 
consequently repelled, while poor conductors are slowly affected, 
and drop nearly perpendicularly from the field. The separation 
may be made sharper by passing the concentrated material over 
a surface charged with the opposite electricity when the charge 
in the good conducting material is reversed, and the material is 
rapidly repelled, while poor conductors, being charged with 
opposite electricity, are attracted to the electrode surface. ^ 

The last few years have witnessed the develo]5ment of a number 
of new processes of ore concentration entirely different in prin- 
ciple from any of the foregoing, and in which the results of simple 
jigging arc reversed, the concentrates being removed from the 
top, and the^ tailings or gangue from the bottom. They may be 
roughly grouped under the head of “ Flotation Processes/' 
although this title is not always scientifically justified. These 
methods depend mainly on the property of “ differential surface 
tension " — i.c., on a dilference in the adhesive power of various 
liquids (and gases) to the surfaces of different minerals. No single 
satisfactory (‘xplanation which will cover all the observed pheno- 
mena can be given, and the adaptability of^a flotation process 
to any particular ore can be determined only by experiment. 

It seems probable that the surfac’c tension between water* 
and minerals, such as quartz and silicates, is greater than that 
between water and metallic minerals. A simple flotation method 
for treating sulphide ores is based on this principle alone. In 
this process the carefully sized particles of ore are projected in 
a particular manner on to the surface of water in such a way 
that the sulphide particles float on the surface, while the particles- 
of gangue sink. These sulphide particles are supposed to have 
a peculiar superficial property or “ greasy ” character, which 
prevents them becoming wetted and penetrating the w^tor surface, 
while rock constituents do not possess this property, and easily 
break through the surface and sink. 

It is found that thes5 differences arc emphasised if the material 
to be treated is tnixed with oil, the adhesion of which to sulphides 
and gangue material is the reverse of that shown by water. 
Moreover, oil being lighter than water is itself an active ag^nt 
of flotation, and, in addition, serves to agglomerate the sulphide- 
particles. If gas be generated from the minerals by the addition 
of acid to the tank in which the ore is t>eing treated, the small 
rising bubbles selectively attach themlelves to the particles o^ 
metallic ^iulphide, and float them to the surface, where they are- 
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drawn off as a metallic scum, the gaii^^ue settling to the hot tom. 
Among th 5 means used to accelerate the process and effect ii more 
perfect separation are deepening the tanks, heating the liquid, 
and partially exhausting the air above the liquid in th(‘. tank. 
The forces employed in ore flotation are most delicately balanced, 
and in any given case the process to be worked will i tupiiro 
adjustment to the character of the ore bv careful experiment. 

EXTRACTION.— Both wet and dry methods of extraction 
are in use, the former being the more recent and in many cases 
more rational ; speaking generally, however, wet })rocesses have 
not ^)een brought to such comparative efficiency as the dry 
methods, which have the advantage of centuries of ex])erience 
ill their working. The only essential process common to wet 
methods is the leaching out of the metal by means of a suitable 
solvent. To render this possible, some preliminary treatment is 
frequent!)^ necessary, to convert the metal into a soluble salt : 
for example, the treatment of silver ores by the Augustin process 
(q.v.). The subsequent extraction of the metal from the solution 
is specific for each case, and no genera) principles can be laid 
down. In dry processes, however, certain g(meral methods can be 
distinguished — viz., roasting (calcination), reductioiu and refining. 

Roasting and Calcination. — The object of these jirocesses is 
generally the elimifiation of sulphur, arsenic, (*arbon dioxide*, or 
bituminous matter from the ore, as well as to render it more 
•porous and suitable for subse<pient smelting. In the case of 
sulphur and arsenic, these are removed in roasting by oxidation, 
SO2 and As^Oj. being volatile. Carbon dioxide is simply removed 
ill calcination by the dissociation of the carbonate containing it ; 
bituminous matter is also burnt away during the })rocess, itself 
serving as* the fuel. The operation is sometim('s still conducted 
in heaps which consist partly of the fuel and partly of the ore ; 
sometimes in stalls, which are rectangular spaces (‘iidosed on 
three sides by brick walls and open at the front and top, the 
former beiyg closed by a temporary wall after the introduction 
of the charge. More generally, some form of reverberatoiy 
furnace is used, as the roaster ; mulfles — c.7., for blende^ — may be 
used, and various contrivances for coiii/niuous roasting, Avliich 
will be spoken of individually. The product is v anally a more 
or less pure oxide of the metal. 

.Occasionally the object of roasting is to form, not an oxide, 
but a chloride, sulphide, or arsenide. Common salt is the usual 
chloridfsing agent, and is mixed with carbon and the ore before 
roasting, while iron oj’ copper pyrites, barium or calcium sul- 
•phates, and metallic sulphides are common sulphurising agentfH 
Nickel and cobalt behave with regard to arsenic as l^ilver and 
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coppiM- do in llie case, ot siil})hur. These metals may be pro- 
tected from the scorifying action of silicates by means of their 
affinity for arsenic. Such an artificial arsenide is called a “ speiss 
and a sulphide a “ regulus.’" 

Reduction (including Hiixing). — By reduction is meant the 
obtainment of the. metal as such from the ore. Since the pre- 
liminary roasting has converted the ore. into an oxide, the siibse- 
(juent rialuction consists in ](mioving the oxygen by hot carbon 
or carbon monoxide. In order that the separated metal may 
agglomerate, it is frcapiently necessary to render fluid residual 
gangue by tlie addition of some flux — he., a substance capable of 
forming a fusible slag with the said gangue. *rhe nature of this 
flux depends on that of the. gangue, and is either “ acid ” (c.j7., 
SiO.,) or “ basic (c.f/., CaO), according as the gangue is basic or 
acid. Reduction is generally effected by the direc t action of 
c arbonaceouj; fuel, or by means of carbon monoxide in a rever- 
beratory furnace. Occasionally, however, th(‘ metallurgist makes 
use of other reducing agents, such as iron, manganese, lead, 
aluminium, or sulphides. Ror insta.nce, lead and antimony are 
obtained by the reduction of their sulphides by iron at high 
temperatures, when iron sulphide is formed and the metals 
liberated, 'idle use of aluminium as a rediiring agent is seen in 
Goldschmidt’s process, in which metallic oxides or sulphides are 
reduced by firing a mixture of them with aluminium powder — r.c/., 

• 

(’r.,(); 2AI At.o.; -f (>., 

3ChS p 2A1 - Al.>..i 4- 3Cij. 

There is, liowever, a certain class of oi'es which is capable of 
self-reduction ” — /.c., of requiring the introduction of no 
extraneous reducing agent. In such ores the sulplmr occurring 
as sulphide in one portion may be used to I’ernove the oxygen 
existing as oxide from another portion, the metal from each 
being thus freed. Ignoring secondary reactions, thc^ following 
eipiation will represent a case of this kind : — ^ 

2Pb() -p PbS ^ 3Pb p SO.,. 

Reflning. — ’this tend is applied to the. removal of impurities 
from the c*rud(‘. »ieta.l cffitainecl by reduction. Refining by oxida- 
tion generally c onsists in partially oxidising the. metal by roasting 
in a current of air, whereby the more readily oxidised impuriijies 
are oxidised and either volatilised or removed as slag. Examples 
of this arc the refining of crude c*opper and the puddling and 
bessemerising of iron. A variation consists in using some of the 
^xiclp of the metal as the oxidising agent, instead of, or supple- 
mentary •to, air. W hen this process is adopted, it is frequently 
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necessary to coiTect the refiiu'd metal, which itsidf has l)t‘come 
slightly oxidised. In' a secondary reduction process ; the “ poling ” 
of copper serves as an example. IMetallic oxides, sin h as man- 
ganese peroxide, are frequently useful in the oxidation of im- 
purities in metals. Ferrous oxide or silicate, too, may act as 
a carrier of oxygen, and servt' to oxidise impurities in tln‘ following 
way : — When a, molten slag containing fevrous silicate' is (‘xpose'd 
to the air partial oxidation tak(*s place, and ci'ysials ol magnetic* 
oxide are formed. 8uch a slag, in contact with impure' metal, 
gives up its excess of oxvgen trom the' magnetic e)xiele te) tiH*^ 
oxidisahle elements ])r(*sent, and again he'e-ome's re'eluce'el te) terrous 
oxide.* rotassiuir*and sodium nitrates are* also use'd as oxidising 
agents in refining silver and antimony. This proeess is not 
applicable to the removal of im])uritie‘s less oxielisahh' than the* 
metal to be refined — silve'r from e*e){)pe‘r. Ib'lining bv 
Uquation dejiends uj)on the* dith're*nce‘ he'twe'e'U the me'lting point, 
of the metal to be purified a.nd the)se of its impuritie'sf The* me'lal 
is exposed to ii. tem})erature just sufrK'ient te) melt it and to cau.se 
it to flow away from the less fusible* impurifhs. Thus, e rude* tin 
is elicpiated from its i!i\})uviti<'s, such as iron and ce)ppe‘i*, Anotlu'i* 
general principle of which a.dva.nta.ge‘ is taken in refining, is that 
involving the use of immiscible se)lvents. This proee'.ss, whie.li 
consists in extracting a substance dis.solved in one liepiiel by me*a.n.< 
of another liquiel in which the substance* is more* .soluble*, tin* t we) 
Jiepiids being immise ible (for a parallel e*ase* tin* e‘xtrae*tie)n of 
iodijic from its aepieous seahition by me*ans of e arhon elisulphieh* 
may be ejuoted), is exempliiicd by the* Parkes ])re)ce'ss e)l (h'silve*r 
ising lead. The* argentiferous lead is fuse'd anel tre-ate'd with 
zinc, which is nearly insoluble in le*ad, and is at the* .same time* a. 
better solvent for silver than is le*ad. The* zine*, e e)ntaining silve'r, 
floats on the surface, and is skimmed off. A similar me*the)d is. 
that of “ settling out,’' in which one jnetal is alle)we*d to subside*, 
by reason of its highe'r spe*e*ifie* gravity, from another in wliie*li it 
is immiscible, the twe) laye?rs being then .se])arateel. 

Another process e>E obtaining fairly refined me*tals, and that 
directly from the ore, consists in distilling the* ore*, if nece*ssary 
prewdously roasted to oxide*, with carboir. I\le*rcury, cadmium, 
and ziiK*’ are thus obtained. With the increased use of the 
extremely high temperatures attainable* by the* edee*tric furnace*, 
it is not improbable that this method may be exte*nded te) tin 
Avinning of metals less volatile than these three. 

Yet aifothcr process, not only of refining metals, but e)f obtaining 
metals directly, is of sufficient importance to eleserve separate 
wiention — viz., the electrolytic method, this is employee^ ii 
both the wet and dry way, a fused batli forming the* eh*ctrolyt( 
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in the latter modification of the process. Electrolysis is mainly 
employed in the refining of copper, silver, gold, and nickel, and 
for the production of aluminium, nickel, and several of the rarer 
metals, such as calcium. Pure iron is also now being obtained 
by electrolysis. 

One other method may be noted, in which the metal is extracted 
from its ores by means of a reagent which acts as a ‘‘ carrier 
of the metal. After the separation of the metal the “ carrier 
is again available for the treatment of a further quantity of ore. 
Such a process is typified by MotuPs process for extracting nickel 
in which carbon monoxide is the reagent emy^loycd. 

« 

IRON. 

Although iron is one of the most widely diffused elements, it 
is only sutliciontly abundant in c(‘i tain distinct ores to bo wortli 
working. The chara(;teristic red, brown, or yejlow colon]’ of 
ferrki oxide in the anhydrous or hydrated state, proclaims the 
presence of iron in many soils and rocks, when the actual (juan- 
tity contained therenn is relatively inconsiderable. I'lnis, reddish 
sandstones and sands c.ontaining iron oxide are common enough, 
but the proportion of iron is far too small to render it profitable 
to remove the siliceous impurity which fortks the bulk of the 
material. 

The term iron ore strictly includes only those minerals whiclq 
contain iron, not only in suflicient quantity, but also in a. ( on- 
dition which enables them to be employed for the economic 
production of the metal. To be of value iron ores must \n^ rich, 
pure, plentiful, and easily reduced. It is found i]i practice that 
only the oxides and carbonates fulfil these conditions. 

Native iron (iron in the metallic state) occurs too rarely to 
be of any commercial importance. Some meteorites are chiefly 
composed of iron, as may be seen from tlic following typical 
example : — 




Per etnl. 

Iron, 


. 90-88 

Nicki‘1, 


8-45 

Coball, 


0-()6 







Globules of metallic iron have been found in basalt and otlier 
igneous rocks, and occasionally fused masses of iron are found in 
coal measures. 

w O^ES. — Oxides of Iron. — The most important of these arci 
the ores known as haematites from the fact that certain varieties 
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have a blood-red eoloiir. Two classes are distinguished, the 
first, red kccmatites, are anhydrous ferric oxide, the otliers, 
Ijrown lucmatites, being hydrated. 

The former contain up to 70 per cent, of iron (this being the 
percentage in pure Fe. ,().,)• '^^riiey are usually associated with 
earthy matters, so that this percentage is reduced to (iO to 65 p(‘r 
cent. Red haematite ])rop(M* is known as kidney ore from the 
shape of the pieces in whicli it is found ; it has a. fibrous structure, 
a, dull red colour, and specific gravity about 5-0. it, is a ( oinmon 
form in Cumberland. 

Specular Iron Ore, a crystalline varitdy. is so calhai on acaount 
of its*mirror-like iustre ; it is dark grey, but when ]>owden*d 
is red. Both these, forms are widely distribut(‘d in th(‘ United 
Kingdom. There are also notable tle])Osits of htematite at 
Bilboa in Spain and in the United States, whilst sp('cular iron oia* 
occurs in the Island of Elba, in Brazil, Canada,, and (Central 
India. On account of its freedom from impuritfes this on' 
yields a cast iron wducJi is especially well ada,])ted for 1h(' pro- 
duction of wrought iron and steel. 

Micaceous iron ore is a pure variety of tin' anhydrous oxide 
occurring in large quantities in Nortli America. It d('riv('s its 
name from the glistening dark grey scales which resembh' mica. 

The brown luemafites (limonite) contain, when pure. 2F(*.,();; . 
31IoO, which corresponds with a content of 60 ])er c(‘nt. of iron, 
^hough the ores actually worked rarely contain miudi more than 
50 per cent. North amp tonsli ire and Spain arc the chief sourc.es 
of brown haematite for iron making in this country. The brown 
haematite deposits of Luxemburg-Lorraine are among the most 
important in Europe, and form the chief soince of iron in Uerma ny 
and France. This supply of ore is said to b(*. larger tha]i tliat in 
any other ('ouiitry. The ore closely resembles that of North- 
amptonshire, but varies considerably in composition. The ores 
which are worked contain from 40 to 60 per cent, of Fe4)., and 
10 per cent, of water. They are also phosphoric,, containing 
0*5 to 2*0 per cent, of phosphorus, and their use has increased 
enormously since the introduction of the basic, process {q.v.). 
Brown haematites are valuable because they can be easily mined, 
and are readily reduced in the blast furnace. ^ 

The laterites of India are a group of porous argillaceous tertiarx' 
rocks containing a considerable quantity of brown hydrated irmi 
oxiSe. The richer kinds are employed to a small extent as a 
source oi iron. A vSpecial variety of industrial importance is 
bog-iron ore used for the purification of gas (see Destructive 
distillation, Vol. II.). ^he following analyses give the ci)m-% 
position of typical red and brown haematites : — 
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FeJ).,* 

MnO, 

AloO,, 

(vaO, 

i%(), 

IAS,, 

Insoluble silic(‘oiis rosklue. 
Water and volatile matter. 


* (’oi responding witli metallic iron, 


in. I 

j IJlOU'll ^ 

! Nortlminp- 

n:('lii:it it)‘ 

I HiL'inatitr. 

iton Liiiioiiitc 

Pei itMit. 

' Per ( flit. 

Per eeiit. 


I SO-SO 

1)5-00 

OlO 

ri:i 

0-50 

o-:n 


i 3-50 

(C71 

I 2 -48 

' 2-50 

o-oa 



Trace 


1-30 

(poa 



8*.") I 

j 

13-20 


I s-os 

! 1^4-00 





l()()-20 

I 08-04 

100-00 



45-50 


The only other oxide of iron of importance' as an ore, is the 
magnetic oxide (magnetite), the typical formula of which is 
FeO . Fe.X).^, although the proportion of FcO to Fe.,0.. may vary 
from the ratio I : 1 (wliiith corresponds with 7t^'5 per cent, of 
metallic, iron), 1die proportion of the iron is, however, generally 
considerably smaller than is indicated by this formula., from the 
presence of siliceous and earthy matter, tm is shown by the 
following analyses : - 


Fc.,i).„ i 

Fc(), ) 

HnO, 

CaO, 

MgO, 

A1,0„ 

P.,()„ 

Siiliihur, 
Insoluble 
Wat nr. 


siliceoii: 


matter, 


^ Convsponding with motallic iron. 


1. 

OauiKinora. 

2. 

3. • 

S\ve^li^h j 


MiiLjeetlte. j 

Per cent. 

Per eeitl. 

Per ccmI. 

()2-0() 

44-40 

50-00 

28-42 

20-00 

28-00 


o-io 

0-10 

Trace 

0-00 

0-40 

! 1 -44 

1-00 1 

0-10 

j Trace 

i 5-20 ' 

0-30 


0-50 % 

0-03 

0*07 

Traci' 


7-()0 

24-20 

12-00 

1 

! 

2-50 


j 00-50 

i 08-50 

00-03 

; 05-00 

40-()3 

03-08 


This ore is met with in immense quantities in Swedftn (from 
which the celebrated Swedish iron is obtained), in the Lake 
J^uperior district of North America, and in the Madras Presidency 
ni India.., The magnetites and haematites of the Lake Superior 
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district no^v constitute the largest supply ot iron ore in the 
world. Impure varieties of magnetite also occur in which (uthei- 
the ferrous or ferric oxide is replaced by tlie oxide of anothei' 
metal. The most important of these are (1) franklinite or 
zincite, and (2) ilmenite or titanic iron ore. The former occurs 
in New Jersey, and contains oxides of zinc and manganese. In 
modern practice franklinite is separated from other zinc minerals 
by a magnetic concentrator, and then used for tiu' j)roduction 
of oxide of zinc and spiegel-eisen. Ilmenite occurs in tlie massive 
form in Norway, and as magnetic sands in the llnit('d States, 
Canachi, and New Zealand. It is usually considered to be a 
mixture of ferrous titiinatc, FeO . I'iO ., and ferric oxide, but 
is more probably an isomorphous mixture of tlu^ ses(|uioxides of 
iron and titanium, and best represented by the formula (Fe/Pi) ,0.j. 
It is dillicult to smelt in tlui blast furnace, owing to the formation 
of the curious cyano-nitride of titanium, Ti(CN)^ d ^Ti ,N. , and 
the somewhat infusible slags which are formed. According to 
the Report of the Canadian Commission (1907), howewer, there 
is no insurmountable dilhculty in smelting this refractory ore in 
an electric furna(‘e, a pig iron containing only 0’40 per cent. Ti 
being produced from iron sands containing as much as 17*0 per 
cent, of TiO.^. 0 

Carbonate of Iron (Spathic Iron Ore ), — The pure mineral h> 
ferrous carbonate, FeCO.., and contains -18*2 per cent, of Fe ; it 
iS usually associated, however, with carbonates of manganese, 
hme, and magnesia. It is not very abundant in tlu‘. United 
Kingdom, the chief localities being in Durham and Somerset- 
sliire ; on the Continent it is more abundant, notably in iStyria. 
Its freedom from phosphorus makes it suitable for the manufac- 
ture of certain classes of steel. The following analyses exhibit 
its composition ; — 



SiniH-rsetHlurt;. ! 

Styi'iii. 


I’or 

Cor cent . 

. . . 

4:ns4 

55- 04 

Fe.;0;^ \ 1 

• O-Hl 


Mn(),i ... . . 

r2(u 

2 SO 

C aO 

o-2f 

0 02 



•AAVA 

1-77 

CAh 


38-35 

: HijO 

018 


i Insoluljo matter, .... 

^ 0 08 


« 

: 100-32 

99-48 

j** Corresponding with metallic iron, . 

! 34-07 

43-27, 

1 t l.'«)rrc.sjK)ndin;j: with metallic inangauesc, . 

; 0-80 

.2-17 
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Clay ironstone is ferrous carbonate associated witj^ clay and 
sand. It is the most abundant English ore, and occurs in the 
coaUields of Wales, the Midlands, and Scotland. A variety of 
clay ironstone is black-band ore, which contains much carbon- 
aceous matter, whence its name. The celebrated Cleveland ore' 
is a clay ironstone which is poor in manganese, but rather richer 
in phosphorus than arc most other ores of this class. Clay iron- 
stones arc also found in strata containing coal, limestone, and 
lireclay ; all these materials arc required in iron manufacture. 

The following are analyses of clay ironstones : — 



St'otch 

lihickbaiKl. 

Clay Ironstone. 

Low Moor, j Clovelanr]. 

FcO )*' 

410 

3()-14 

39-02 

Fe.^03, \ .... 

2-5 

1 *45 

3-00 

MnO, 

I'O 

1-3S 

0-95 

Al.On, ! 

30 

(►•74 

7-Ht> 

CaO, 

2-0 

2-70 

7-44 

MgO, 

1 10 

2-17 

3-82 

Alkalies, . . . . . 


O-do 

0-27 

CO, 1 

1 20*0 ' 

2()-57 

22-8r, 

FeSo, . • • • • 

i 

O'lO 

0-11 

p.,o; 

! O'f) 

0-34 

- 1 -SI) 

810, 

7*0 

17-37 

! 7.1.2 

Water, ..... 

10 

1-77 

2-97 

Organic matter, . . . • 

ir>o 

2-40 

1 1 -(>4 

* (Corresponding with metallic iron. 

1000 

.330 

99-7H 

29-13 

1 100-41 
33-02 


Sulphide of Iron. — Iron pyrites, FeS^, is never directly smelted, 
but spent pyrites from vitriol making (q.v., Vol. II.) is occ;asionally 
used as a source of iron. 

PRINCIPLES OF IRON EXTRACTION.— Where a pure 
oxide of iron is attainable, a malleable (approximately pure) 
iron can be prepared by direct reduction with charcoal. This 
is still practise^ where charcoal is cheap, and pure magnetite, 
etc., abundant. This reduction is probably effected according to 
the equation : — 

Fes04 + 4CO = Fes + 4CO,, 

r 

The pure iron thus reduced, although infusible at ordinary 
furnace temperatures, is obtained in a partly agglomerated state, 
the particles not being separated by foreign siliceous matter. In 
the case‘ of an ordinary ore containing argillaceous or siliceous 
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TEiitte]', slu li a^^lomenitiou docs not take place unless the (day, 
etc., be liu^^ed by the addition of limestone, which forms fusible 
silicates — sla<^ — therewith. The scarcity of charcoal in this 
country necessitates the use of a fuel with a hiufh content of ash 
(viz., coke) ; the presence of this ash. which is siliceous, also 
<lcmands a basic flux. The impurities in the ore and fuel intro- 
duce sulphur, phosphorus, and silicon into the iron, and a portion 
of the carbon of the fuel is also taken up, the resultin^^ crude iron 
beine^ more fusible than the pure metal, and, therefort'. running 
together as a liijuid instead of agglomerating as a paste — a con- 
dition which renders continuous working practicabh*. d'he 
application of the^> principles will be dealt with luuh'r appro- 
priate headings. 

PREPARATION OF THE ORE FOR SMELTING.— Ores 
whi(di contain shale, or pyrites (FeS.^) in objectionabh' quantities 
4tre sometimes stacked in hea])s and exposed to th(‘ action of the 
weatlnu' for some months, ddic soparatioTi of shalt' by hand- 
picking is often a, matter of great diirumlty, but by the process 
of weathering it gradually crumbles to powder. In this way, 
too, pyrites is oxidised to ferrous sulphate (FeSO,), together 
with free sulphuric acid, and is washed out by the drainage water. 
Calcareous ores containing pyrites should not be weathered, for 
in this case calciuni^ sulphate is formed, a substance which is 
nearly, if not quite, as objectionable as the original pyrites. 
Tn order to expose as large ii, surface to the redu(;ing gases of 
the blast furnace as is compatible wdth the free passage of 
the blast between tlie fragments of ore, the ore is crushed, in 
most cases to about ‘J-iiich cubes. Tiie crushing is effected by 
ordinary stone-breakers, or l)y crushing rolls. 

It is not usually prohtable to Rpply uny systetu ol concen- 
tration to iron ores other than magnetites, and in certain cases 
luematites. The removal of gangue by hand-picking is occa- 
sionally practised, and various mechanical couceutrators are 
used to somy extent for washing iron ores, more (!speeially in the 
United States. A more important method is tliat of magnetic 
separation, wdiieh consists essentially in sizing the ore by means 
of sieves, and passing it between the pol^o of powerful electro- 
magnets, which retain magnetic oxide, and a%'v free passage 
for the gangue. According to Prof. \V. A. Anthony Magnetic 
Concentration of Ores,'' Gassier s Ma(fazim. 1898, xiii., p. 433), 
electro- magnetic separators may be divided into classes : — 

(a) TIiose in which the mixed material is carried round or 
in front of tlic poles of magnet, and in which the magnetic por- 
tion is deflected from its course sufTiciently to be deposited in a, 
re^".eptacle by itself. 
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(b) Those in which the material spread out upon a carrier 
passes in front of a mapuet, which picks up the magnetic portion, 
which is then, cither by the magnet itself, or by means of a 
supplementary carrier, removed to a separate receptacle. Tln^ 
“ Monarch and the ‘‘ Wethcrill machines arc representatives 
of these two classes respectively. 

Magnetic concentration is used principally for magnetites, 
but haematite ores may also be treated in this way, after first 
calcining them with a small pro])ortion (1 to 5 per cent.) of coal, 
whereby the ferric oxide is reduced to the intermediate stage 
of oxidation, and thus rendered magnetic. 

This process of concentration not only removes a considerable 
proportion of the gangue, but it lias the additional advantage 
of eliminating a large proportion of the phosphorus, and in som(‘ 
cases also the sulphur present in the ore. Practically this is tin* 
only method of removing phosphorus from ores whicli has been 
successful on a large scale ; it is also stated that pyrites is more 
readily removed by magnetic concentrators than by c.alcination. 

Most iron ores, save thos(‘ which are free from volatile con- 
stituents — e.g,, magnetites and red hgematites (unless they ('ontain 
pyrites) — are roasted before being reduced. Tliis is done either 
in open heaps, which consist of a pile of ore and small coal (except 
in the case of blackband, which contains*' its own fuel), or in 
rectangular enclosures, the walls of which arc 6 to 12 feet in height. 
The combustion of the heap is started by brushwood. Various 
kilns, heated by solid fuel or producer gas, or in some cases by 
the waste gas of the blast furnace, are also used for roasting. 
Gaseous fuel has been particularly successful with p}Titic ort's 
in Sweden and Amcru^a, it being found that sulphur is much 
more perfectly removed in this w’^ay than when coal is used. 
The advantages of kilns over open heaps are that the former 
occupy comparatively little space, are continuous in action, and 
can be placed near the blast furnace. Moreover, the consumption 
of fuel is less than in open working, and the ore be^ing protected 
from the w^eather, the process is much more under control. 

The advantages of roasting are — (1) the expulsion of volatile 
constituents — e.g., w^ter, CO.j, sulphur, and arsenic — and 'pari 
passu the concc^itration of the ore and of the waste gases from 
the blast furnace (v.i .) ; (2) the rendering of the ore more porous, 
and consequently more permeable by the reducing gases of^ the 
blast furnace ; and (3) the oxidation of Fe", which forms a stronger 
base than Fe'", and, therefore, tends to pass into tfie slag as 
silicate. ^ 

‘ REDUCTION OF THE ORE IN BLAST FURNACES.^ 

The modern blast furnace is a masonry tower, A (Fig. 14), 75 to 
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\H) feet higlv iiRcd witli lircbrick, the interior oi which is so built 
that it is of the form of the frustra of two cones base to bast'. 
It is encased in an outer shell constructed of wroujtht iron oi 
mild steel plates, i inch thick, riveted together; the upper 
b’ustrum, B, constituting about three-fourtlis of the tot;d lieig i , 
is called the stack or body. It is supported on a cast-iron ring 
resting on pillars of the same material. The lower frustrum L, 
is termed the boshes, and is also cased with iron, while water 
cooling ])oxes, made*, of gun-metal, are fretpiently insta ted in the 
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leading to twyern. 


lining. The diameter i«*ross the boshes (the belly) is ^ 

M feet. The lowest portion of all, II, is the hearth or crucible, 
4 ind is about 8 feet in diameter. It is independent of the^asonry 
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of the stack, being built in after the latter is completed. The 
upper end, or throat, of the furnace, about 16 feet in diameter, 
is closed by a. cast-iron cup and cone, E, to allow of charging 
without interfering with the exit of the gases through the pi])e, 
E. At the bottom of the liearth a space, G, is left in the brick- 
work, which can be tamped up while the fused metal is colh'cting, 
and unstopped vvlien the charge is ready to be drawn. To avoid 
the fluxing a(*tion of the slag, the firebrick lining of tin; boshes is 
sometimes replac:ed by bricks of grajdiite coke, which are, how ever, 
liable to wear and tear by oxidation. Oti account of the high 
tt^mperature needed for the smelting of iron, large volumes of 
air a.t a considerable pressure have to be ^supplied to induce 
auflieiently rai)id combustion; it is obvious that, within certain 
limits, it is advantageous to heat the blast. For instance, the 
use of a hot blast will effect a saving of 15 to -15 per cent, of fuel. 
The air is, supplied from a. blowing engine, through tlie pipe. 
H, which nearly suiTOuuds the boshes, and is provided with a 
number of jets, K, eailcd th(‘, tuyeres (twyers), whicli pass into 
the furnace at th(‘< up})er part of the hearth. The nozzles of 
the twyers are protected from the heat of the heartli by a jacket 
through which cold water is cireulatcd. llie aii' supply is lieatod 
by passage througli the Cowper or Whitv;ell stove, L, or somi' 
modification, su(di as the Massick and Frookes, or Ford and 
Moncur, or (fowper-Kcimcdy. All those act on the regenerative 
principle (q.v.)^ and serve to heat the blast. The Cowper stove 
consists of a tower containing a flue, M, the remainder beiug 
filled with chequer firebrick, N. The object of this stove is to 
utilise the heat of the gases from fhe blast furnace, as well as 
that produced by the combustion of the CO, etc., contained in 
them. Their value as a fuel may be judged from the followdiig 
analyses, which are typical of gases obtained when coke and 
coal are used as fuel, though in actual practice considerable 
variations occur (Turner) : — 


•* 

• . 

Kuel Used. 

, iiitimduiMis 

Ot), ....... 

CO,, 

N , . . • • • • • ^ 

H, 

CH 

IVrciMit. IVi leiU. 

2.') ; , 28‘0 

12 i ' 8-0 

.jI) i .3 3 '5 

2 1 .3’5 ♦ 

2 ; 4-4 

i 
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Great developments are being made in the direct nse of blast 
furnace gftscs, after purifying, for producing power in gas 
engines. 

The gases from the blast furnace (at a. tcm])craturc of about 
250° C. = 182° F.) pass by an underground ])ipo, 1\ into the 
flue of tlie stove, where they meet a supply of air and arc burnt, 
the products of combustion travelling down through tlu‘ cliotiui'r 
brickwork, N, to which they impart tlicir sensible heat,, before 
passing away to the chimney by K. The waste gas('s sometimes 
contain an objectionable amount of dust, wliicli clogs up the hot 
blast^stoves ; moreover, the dust may itself be of valm* (as wlnm 
it contains zinc).« For these rea.sons it is the custom to ins(*rl 
some form of “dust-catcher’' in the “down-corner" or wi(l(^ 
pipe bringing the waste gases from the furnace to tlu' stov(>s. 
fn one form of dust-catcher now in general use the gases ])ass 
down a central tube at a relatively high speed, and oiicr a much 
Avidcr tube, up which tliey rise witli a inucli sm.fllcr velocity 
after wliich they pass to the main gas flue. The dusi collects 
ill the bottom of the wide tube, and is periodically removed, 
'these stoves an*, worked in sets, one being heated in the manner 
described above, while another is serving to heat the air blast, 
which. is forced in the contrary direction through tin* j)ipes, S, T, 
to the twyers. TjV* pipe thus sc'rves to feed all the stoves. 
Formerly the blast was lieated by passage, through cast-iron 
• pipes, set in a. furnace fed by the combustibk* gases fi‘om the 
blast furnace — a method wlmdi allowed of continuous working 
with a single stove — but tlie need of liiglicr temperatures madi* 
cast iron an unsuitable material for the c(uistriictiou of llu* 
stove, and simple substitution of a tirecluy foi' a cast-iron tubi* 
was impracticable, owing to the dilliculty of lo'epiiig it tight to 
the pressure of the blast (2i to 7 lbs. per srpian* inch), and s 
plan whereby the air was heated by direct contact with a mass 
of refractory material had to be adopted. A modern hot blast 
has a tenyierature of about 8(X)° C. = 1,172' F. Where blast 
furnaces arc worked with raw coal instead of coke, tliij c.ondens- 
able products of the destructive distillation of the fuel (notably 
ta.r and ammonia, the latter in the propiictioii of OT to 0T5 pei* 
cent, of the waste gases) are collected before ^hc. gas is burnt in 
tiie stoves. This is effected either by passing the gases through 
ap air condenser and water scrubber, similar to those used in gas 
manufacture (q.v., Voi. II.), or by treating the gases with a shower 
of Bul;^uiric acid, both methods involving the cooling of large 
volumes of gas. To aj^'oid this it has been pro])Oscd to mix the 
•blast-furnace gases with SO., from pyrites kilns, and to colle< 4 t 
the resulting ammonium sulphite. In conscfjuenc(‘*of certain 
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defects, due to incomplete condensation and contamination 
of the ammonium sulphate with tar, these acid processes are not 
now employed. By the first-mentioned method (a recent modi- 
fication of which is the Gillespie process, in which improved 
washers of a special type are used) about 40 gallons of crude 
tiir and 21 lbs. of ammonium sulphate per ton of coal are 
obtained. 

A recent development in blast-furnace practice is the drying 
of the air before passing it through the stoves. This is accom- 
plished by drawing the air through refrigerators in which the 
moisture is condensed. The ’ heat whicli would have to be 
expended in raising the temperature of tlie wj^ter vapour to that 
of the exit gases from the stoves is thereby saved. Moreover, 
by thus drying the air it is claimed to be possible to increase 
the burden of the furnace, and production of pig iron by 20 per 
cent., to reduce the amount of c,oke per ton by 18 per cent., and 
to diminish 1»he duty on the blowing engines, the effective capacity 
of whic.h, in terms of oxygen, is greater on account of the colder 
air being more dense. The greatest advantage, however, is in 
the increased regularity of working the furnace, particularly 
wliere marked variations in temperature occur, because the 
amount of moisture carried into the furnace by the blast varies 
very largely witli change of atmospheric coiMitions, and necessi- 
tates the burden of the furnace having a safe margin of fuel to 
allow of a sudden loss of heat from this cause. 

An interesting comparison may be made between Englisli and 
American blast-furnace practice. The following figures show the 
different (nnditions in typical cases (llioryts ) : — 


Cubical contents, 

Temperature of blast. 

Coke per ton of ore. 

Limestone, .... 
Ore, ..... 
Weight of blast per ton of ore. 
Weight of gases, . 
TemiJerature of gases. 

Tons of iron per 1,000 cnb. ft. 

space produced per week. 

Slag per ton of iron. 

Calories produced per ton of iron, 


CIcvel.iiid. 

PItOiburg. 

25,500 cub. ft. 

1 8,200 cub. ft. 

704'" a 

{>93° C. 

10’99 cwts. 

16*80 cwts. 

1100 „ 

9*00 

48*00 „ 

32*30 „ 

87*15 „ 

71*20 „ 

1 19*50 „ 

110*10 „ 

250“" C. 

0 

O 

21*57 

128*0 » 

28*00 cwts. 

10*70 cwts. 

88*t> 

69*6 ' 


In genei-al, the English furnace has a greater capacity than 
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the Amcrk aiu Ilocent expt‘rieuc‘e favours a. more rapid working, 
and in the* American furnace a maximum production is obtained. 
The gi-oat reducing energy American furnace with its high 

grade ore and fuel, its high pressure blast (10 lbs. as compared 
with 5 lbs. in England), and rapid working yields six times as 
much iron pei- cubic foot of space as the English furnace. An 
American furnace produces on an a.verage. lOO.OOO to 150, (XX) tons 
per annum, while some lia.v(‘ an (uitput of 5,(XK) tons pig iron per 
week. 

In starting a blast furnace, the temperature must be slowly 
raised, to avoid cracking the walls of the structure. The hearth 
is filfed with wocj^l, and the boshes with coke. AVhen this fuel 
has been ignited, the liody of the furnace is tilled with or(\ lime- 
stone, and fuel (constituting the burden of the. blast furnace), 
the materials being charged in rotation, 'the ])roportions of 
these materials vary according to tlie character of the ore and 
according to other conditions. Tlie blast is gradnaUy turned on, 
and after about three weeks the furnace is working at. full blast. 
The rotation of charging is maintained until the furmu'e needs 
repair, crude iron a.nd slag collecting at the bottom and being 
periodically t.ipped. 'the slag, which colh'cts above the molten 
iron, is run into waggons, whilst the metal is allowed to (low 
into pig-moulds fashion(‘d in sand to rcceiv<‘ it. MIh* selection 
and proportion of the materials to be used as iliix ari' (h'terminod 
, by the nature of tin* iron to be ]m)duced (c.?.), Jis w(‘ll as upon 
the character of th<‘ gangne. A good blast-furnacc' slag must 
contain silica, alumina, and lime. When tlie gangue is c.hiefly 
argillaceous, limestom* sullices as a Ilux ; l)ut if it he siliceous, 
an aluminous ore must be added: wliih^ if it be basic — c.j/,, in 
spathic or oolitic ore, which contains cah ium ( arhonale — both 
silica and alumina, as clay or shale, are required. A judicious 
mixing of ores will fre(|uently s(‘.rve the sa,m(‘ juirposes. The 
most siliceous slag usually made (•oiTes])onds willi the. gimeral 
formula 2R() . 5SiO.., w here UO is any base, cather KO or 
The most fiasic blast-furnace slags correspond with the formula 
lORO . 3SiO.,. The average coke-fed furnace slag approximates 
to 2R() . SiO.,. Thus the selection of tier fluxing material must 
depend upon tin* aiialv.^is of the. ore and of the ilux itself, and 
on the requirements of each particular blast furnace and its 
produce. 

^rhe following a,nal>ses are (luoted by 3'urner as representing 
the corflposition of biast-furiiacc slags at Dowlais. The first is 
a complete analysis of^an average, slag. Numbers 2 and 3 are 
•partial analyses showing the extreme variation in the composij 
tion of slags wxirking on white iron, w hile the analysiii^ of a grey 
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iron slag is added for comparison (No. 1). The analyses are by^ 
E. Riley : — • 




Wliitc* Iron Shiir. 

4. 


1. 

2. 

Maximum. 

3. 

M ininium. 

Orcy Iron 
Ship. 

SiO.., 

41 8.5 

4.5*2:J 

:i9-09 

38-48 

A1..0.,. 

14*7:{ 

17*14 


15-13 

tVo, 


• 0-91 

1-29 

r»-7o 

MnO, 

1-24 I 


c 


CaO, 

aoiMi 

34-32 

23-8 1 

! 32-82 i 

MgO, 

4-711 i 



: 

K.O. 

1 -90 




Ca‘, . 

1 1-15 



1 ' - 

S, . . . . 

0-92 

1-31 

0-47 

; 0-99 

P,0> . * 

i 

i 

0-15 

! 100:12 

0*43 

0*10 

0-15 


Blast-fnniace slag is a crude gla,ss, soinetiiucs opaipie, and 
varying in colour from dark grey to light green. Slags, when 
acid, are permanent in air liki* glass, but when basic may dis- 
integrate spontaneously by the hydration of the lime wliieh 
they contain. Blast-furnace slag is pra,(*.tieally a wasted product.’ 
but the harder kinds, if not too glassy, are profitably used to 
some extent for road mending, levelling waste lands, building 


breakwaters, a,nd for ballast. It is also 

used for making bricks 

;ind cement (see Vol. II.). 

The following analysis represents a s 

ag suitable for C/ement 

making : — 

SU) 

. 20 04 



18-71 

Feb, 

005 

MnO, 

0-U8 

CaO, 

44-57 

CaS, ..... 

1-71 

MgO 

5-07 

SO;5, 

1*00 

VVat('r and CO.., 

0-90 

99-09 * 


Since the introduction of the bacterial rnethod for the treatment 
/)f sewage, slag has been used in considerable quantities for filtef 
beds" Fipally, it is converted into a product known as “ slag 
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wool.” This luatorhil is prepared by seatterinj^ a stream e( sla|j; 
into tenuous hlaments by a. jet (»f air or steam. It resembles 
glass wool iu appearance, but is even more brittle, and finds 
appUcatioD as a lagging material. 

Coke is preferable to coal in the blast furnace, as it contains 
a smaller proportion of suljihnr. Good blast-furnace (Hike sliould 
contain not more than ])er c(ait. of moisture, 10 jx'r cent, of asli, 
and less tlian 1 per cent, of S. It should be dense and silvery 
in appearance, and have an apparent deiisitv (including pores) of 
0‘8. Its mechanical strength sliould lie sulbciimt to l)ear the 
burden of the blast furnace, and it should lu' capable of resisting 
oxidation and cofulnistion until at tin' t(Hn])('ra1ure «)f tin' hearth 
of the blast furnace. 

The linmstone should Ix' non-dolomitic. and is preferably usihI 
without previous burning, as wlnm eaustic lime is eharg('d it 
becomes earbonatnd at the lliro;it the furnace, and has to be 
reburnt lowin’ down the body. Th(‘ raw material and prodm ts 
of a Cleveland blast furnace an* givim as follows bv Tunu'r 


Raw M ATiaiLU."'. cwi.v. cut,-.. 

CHicinod iron stone. . . 48 Iron, .... *20 

Linu‘stone, . . . 12 j Slag, . . . . ,‘10 

l.)urliam coke. . . . 20 ; Waste gase>, . . . 1110 

Air, . . . • . . ion ' 

180 : 180 


The changes which occur in tln^ rmluclion of irojj in I ho blast 
furnace ar(‘ mainly inllueniMHl by tlie temperatun's which o])tain ‘ 
in the various parts of the furtiac(\ Th<‘.se clninges corn[>rise the 
reduction of oxide of iron to metallic iron, the ciuisticising of the 
limestone, tin*, rcdiietion of a portion of the carbon monoxide to 
carbon by the a.<'tion upon it of the iron alrt'ady reduced, tin* 
combination of ciirbon a.nd iron to form carbuKdted or cast iron 
(which is more fusible than the pure s])ougv iron lirst pioduccd), 
and the nTnon of the lime witli tin* gangue 1,o form slag. Attenpits 
have been made to map out the interior of the blast furnace into 
zones,” appropriate to certain reactions. According to this 
method of explanation the feuTie oxide is r(‘duced ]n*ar tlie throat 
of the furnace at the jioint where the tein]1?Tal na* has reach(‘d 
dull rednos.s, the changi* bi'ing (dfected by the reducing action. 
c>{ carbon inonoxidv* — which constitutes at this point .about 
onc-tRird of the total gases, and has been produced by the reduc- 
tion of CO., generated by the fuel in the lower ]iart of the furnac<*. 
The reaction is accoibpanied by an evolution of heat. 

, p 300 - -iFo -f + S,Br )2 CaL 
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Spongy iron dissoininated tlirougli gangiie results, and as it 
descends into the body of tlie furnace it is partly oxidised by 
more CO (which is capable, according to the temperature, of 
acting as an oxidising and as a reducing substance) with the 
liberation of carbon. Doubtless the ferrous oxide is again* 
mainly reduced before Huxing as but little iron appears in the 
slag. The reduction is completed, probably (at the belly), by 
the solid carbon present, some of which is supplied by the 
dissociation of carbon monoxide, which takes place at high 
temperatures with formation of carbon dioxide and free carbon. 
'I'he reactions of carbon monoxide in the blast furnac^ are 
somewhat complicated, being influenced largely by physical 
conditions, such as mass, temperature, and ])ressure, and also 
by the texture of the materials used. The finely -divided car- 
bon and iron unite to form fusible carburetted iron which is melted 
in the boshes at th(^ same time as the fluxing of the gangue 
takes place. ^Flie causticising of the limestone occurs at a point 
ra.ther below that at which reduction of iron oxide begins. 

The powerful reducing atmosphere of the blast furnace and the 
high temperature obtaining therein, cause the reduction of other 
substances than iron, chiefly manganese, silicon, and phosphorus, 
while sulphur (mainly from the fuel) is retained unoxidised, 
and appears together with tlic above-mentioned bodies in the 
crude iron. On account of the simultaneous presence of a high 
temperature, basic material (alkalies from the or(', etc.), (‘arbon 
and nitrogen, alkali cyanides are produced in the normal working 
of the blast fuimace. The quantity of cyanogen thus escaping 
ma}' amount to 0 grins, per cmbic metre of the waste gases. 
When titanium is present in the ore (c.j/., as TiO., in clay) nitrogen 
is fixed as nitride as well as cyanide, large crystals of the com- 
pound TiCy.j . .‘VrijjNo being produced. These constitute infusible 
masses, called ‘‘ bears,"' in the blast furnace, and much impede 
the working. 

A compact incrustation of furnace-calamine,” ^•onsisting 
chiefly of oxide of zinc, is found round the throat of the furnace 
in smelting zinciferous iron ores, no less than 100 tons of this 
compound, termed “ (Hditsc-hwamm,"" being obtained annually 
from the furnaces Aix-la-Chapelle. 

The limit to the efficiency of a blast furnace regarded as a 
* heat-machine appears to be determined by the fact that carboii 
monoxide ceases to be efllcient as a reducing agent for^ ferric 
oxide, at the temperature obtaining at the throat of the furnace, 
when it is so diluted with CO., that the ratii) of the carbon which 
tl¥iy respectively contain falls below 2:1. Thus the difference 
between th(k heat produced by the combustion of carbon to CO^ 
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iind of carbon to CO (viz.. S.WXI (Jal. per kilo.) is lost so far ii.s 
the fiirnawj is concerned, but is largely rccovcri'd by the usi' ol 

the hot blast stove. ,11 

About 40 per cent, of the total <iuantity of lieat m the lilasi 
furnace is consumed in reducing the iron to the metallic state, 
10 to 12 per cent, in the fiusion of the iron, and 12 to 15 per cent, 
in the fusion of the .slag, the balance being accounted for by the 
reduction of impurities, the. cauatiOsing of tlie lime.sUme, the re- 
duction of CO . from the limestone to CO, and the carburising ol the 
iron, while another large item (about 10 per < (- 111 .) is the heat going 
away. with the waste gases; this, however, is mostly ri'coverei . 

About 75 per *enl. of the total calorilic v.iluc ol the fuel is 
realised in the blast furnac.-, on whi. h ac<-oiiut it ma v he reckoned 
an efRcient machine. 

The crude iron produced is run iroin tlie lurn.n t' into saiwi 
moulds, producin^^ pig iron ; liere a portion of the carbon taken 
up by the iron in tlu* furnace separati's from sifliition m the 
metai in the form of graphite. A portion of this graphite lloat.s 
to tlie surface of the metal as ' kish,” th.yremaimler liemg .still 

associated with the metal itsell. 

When the bulk of the carbon thus .separates, the ""''■'■I 
known as grey iron ; when jiartial separation takes jilace mottled 
iron is produced ; w hile when the separation is at a mimiimm 
the material is called white iron. 'I'he jirodiielion ol grey iron 
. occurs in those furnaces whi. h work with siliceous ores ••iiid a 
high percentage of fuel at a higli temperature ; .sili. on is then 
present in the pig. and induces the crystallisation of the carbon 
as graphite. White iron, on tin- other hand, 's made m heavily 
burdened furnaces, working with the mimmum of 
* lower tei-nperature.s), and conhuns but little sili.-ou. on which 
account the se.pariition of graphite docs not take place. 

The composition of grey and white cast iron is given belo . 
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The way in wliirli the metal is cooled also in!lueiie(‘s the form 
in which ibhe carbon occurs, slow cooling promoting tftie crystal- 
lisation of graphite and consequent production of grey iron, 
whilst suddeji cooling favours the production of the more homo- 
geneous white iron. rHiilled castings arc an illustration of this. ♦ 
Wliite iron is ])rincipally used for the production of malleable 
iron. U’or this object it is advantageous that it should contain 
as little carbon as possible and have a low content of silicon, 
phosphorus, and sulphur. Its specilic gravity is 7 '5, as agJiinst 
7*1 for gre\' iron. It is liarder and more brittle than grey iron 
and somewhat more fusible, (trey iron is used for fopndry 
purposes and steel ma,king. The classes of gj,‘ey iron richer in 
gi-aphitic carbon are better mixed with poorer varieties when 
used for castings. It is this need for mixing wliicli makes 
casting directly from the blast furnacje undesirable, a])art from 
question of cjonveniencc^ For foundry work the metal is melted 
in a cupola fifrnacc'. — a small intermittcuitly worked blast furnace — 
into which pigs and coke are fed. By thus melting iron in air 
the proportion of silicon and manganese is steadily diminished, 
and the carbon is gradually cha-ngcal from the graphitic* to the* 
combined form. At the same time, sulphur may be absorbed 
from the furnace gases, while the pcu’c^entage of phosphorus and 
total carbon may be somewhat incTcased, efue to concentration 
in a smaller quantity of metal. The plyysic'al effects produced 
on tlie iron are in accordance with these chemical changes. , 
Pig iron is graded, according to its colour and texture, in 
numbers from 1 to 8, or more enmmouly Nos. 1 to 4 for foundry 
purposes, togctlier with “ No. 4 forge,” mottled,” and “ white.” 
No. 1 is the greyest and richest in silicon, and in passing from 
No. 1 to white iron the combined carbon gradually increases and 
the silicon diminishes (see also p. 15). 

By varying the working of the blast furnace, the e.rude iron 
may be made to contain varying proportions of sundry metallic, 
as well as non-metailic, impurities, whereby its charaeder is much 
modified. Thus, pig iron rich in silicon (ferro-siucon), con- 
stitutes a light coloured “ glazy ” iron useful in the cupola for 
producing grey iron from white pig. By reducing manganiferous 
ores in a blast fujnace, various grades of manganiferous pigs are 
made. The presence of manganese causes the crude iron to 
contain more carbon than does normal pig (4 to 6 per cent, all 
in thc' combined form), the alloy having a crystalline structure 
and lustrous appearance, justifying its name spiegel-eisen ^mirror- 
iron). . 

• Spjegel-eisen contains about 10 per cent, of manganese, and* 
when thia proportion is largely increased (with a practicable 
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maximum of 85 per ceiii.) the metal is called ferro-manganese. 
Both p’ades are used in steel making (v.i.). For some pin'j>oses 
iron rich in both sili(*on and manganese is produced, and is 
known as “ silico-spiegel.*' dV])ical analyses ot these iron alloys 
ate given : — 
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FeiTO-ehromium, made by reducing chronu* iron ore, ('ontains 
40 to 70 per cent, of chromium, and is also used in sb*(4 making, 
particularly for arnH)ur-piercing projectiles, :i.nd s])(‘ciid sOm'Js for 
tools and motor car^[)arts. When pr(‘pared in the ordinary way. 
fcrro-c’hromes, like ferro-manganese, always contains a. high 
)roportion of carbon, the perccmtage of which increases with 
hat of the chromium. For certain purposes low carbon fcrro- 
hrome is required, and is ])roduced from pure oxides of chromium 
)y the thermite j)rocess, or in the electric furnace. 

Other ferro-alloys, such as ferro-vanadium and fcrro- tungsten, 
ire made- in a similar manner. Ferro-titanium has recently 
•eceived the attention of metallurgists, and will doubtless have a 
more extended application when its ])roperties Ix'come bettm- 
known and the methods of production irninoved and c.heapencd. 
TiUnium if self may be prepared by tin* (ioldsimth thermite 
process, while Kossi produ(*es f err o- titanium by meuns of a 
mixture of titanic ore, aluminium, and scrap iron in suitabh* 
proportions in an electric furnace. *■ 

bhrro-alurainiums, containing 5, 10, i!0, o^^oM-er percentage 
of aluminium, are prepared by melting the materials in crucibles 
or by the use of the electric furnace ; they are employed for steel 
milking to give soundness to the ingot, and in the foundry to 
produce soft, grey castings. Phosphoric pig iron, containing as 
mu(h as 7 per cent, of ^ihosphorus, is manufactured for the basic 
» -teel process from ores rich in phosphorus, or by the addition 
basic slag to the charge. 
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The fact that graphitic iron (grey iron) is readilv convertible 
into carburettcd iron (white iron) by rapid cooling (wliicli pre- 
vents the separation of graphite), allows of tlie production of 
chilled castings by pouring molten grey iron into moulds, which 
arc constructed of massive iron, at siieli points of the casting as 
are to be (‘hilled. The surface immediately in contact with tlie 
cold iron is converted into hard white iron to the depth of | inch 
or more. This method is used for rolls and railway carriage 
wheels, the latter being cmploy(d in American engineering 
practice (c/. p. 16). 

Pig iron from the blast furnace is of low tensile strength (about 
7 tons per square inch) and comparatively brittle. At the same 
time it is not malleable and cannot be welded. Thus, while cast 
iron has the spe(‘ial application indicated by its name, its value 
for structural uses, where tensile vstrengtb and ductilit)’ are 
reciuired, is small. 

in early flays and among primitive peoj)ies, pure iron was 
reduced directly from the ore, the production of fusible impure 
iron, such as is obtained from tlie blast furnace, constituting a 
later stage of diwclopmeiit. The direct production of iron is 
only })racticabl(‘, as lias been already mentioned, from pure ore 
(c.f/., ricli magnetite) and pure fuel — viz., ch;ircoal. 'J’he modern 
large demand for structuial iron of higli tensil(‘ strength renders 
it impossible to obtain a sullicicnt supph' from tlicse compara- 
tively scarce materials, licnee it is necessary to jiroduce a* 
crude metal, and to refine this to the desired degree of purit>'. 

The methods for the direct production of wrought iron from 
the ore are comparatively unimportant. Hie process is still 
employed by savage races who make iron, and also in places 
where the character of the ore, tlu^ fuel, or other conditions 
render the adoption of the blast furnace impracticable. Judged 
bv its annual output, the most important process is that of the 
American Bloomery, employed in the Eastern States, whcr(‘ 
charcoal and rich magnetic ores are available. Tbc reduction 
is performed in a water-cooled iron hearth with a hot blast. In 
India the natives use both open liearths and small blast furnaces. 
In certain European Focalities — ejj., Spain — a peculiar hearth, 
known as the “ (j^atalan forge,"' is still employed. Of course, a 
large number of processes have been suggested or introduced 
for the production of commercially pure iron direct from the ore, 
but not one has proved itself capable of competing Ajuth thv 
indirect blast-furnace process. For details of these processes the 
larger metallurgical works should be eonsulted (e.f/., Percy’s 
7ron •and Steel, and Turner’s Iron). The disadvantages inherent 
in such pfocesses are that the yield in a given timers relatively 
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small, while the cost of labour and fuel and tiie loss of iron in 
the slag arc relatively great. 

For the better realisation of the relation betwcuMi crude iron 
and the products of its puriheation, tlie following method of 
cfessilication, which is based on tliat which is oflicin l in (Jermain'. 


may be (juoted (Ost) : — 

CriruK lc<*N 

Contains over ‘i'.S per cenl. of im 
}nirities ; generally U to 10 per cent. 
(C, 2 to 5 per cent., together witli 
Si and I*) melts without passing 
throngR any well-marked pasty stage, 
is tlierefore not malle%l)l(‘; brittle at 
the ordinary tem|teratiire. 


A. Grey Iron. — The hulk of tin- 
carbon is graphitic, giving a grey 
fracture. 


li. White Iron. -1’liG hulk of the 
carbon i.s combined, am*# is not pro 
sent as graphitic carbon. 


C, Spiegel-eisen and Ferro-man- 
ganese. 


Mai. 1.1. \ la.i: Icon 

Contaiins a smaller ])roportion than 
2‘‘A per cent, of impurities, clii' lly 
carbon, generally under I per cent.; 
higher fusing point than crude irt»n, 
increasing a.s the impnril ies decrease ; 
softens gradually on heat ing u)) to it.s 
fusing point, and is therefore' m.illo- 
.ahlc. Tho.se kinds which are mark- 
edly poor in impurities are malleable 
when C('ld. 

A. Puddled Iron. *l’i'<'p:iied in a 
pasty, imp<'rfect ly fused stall', thete 
fore not homogeneous; contain'' in- 
teriuixeil lag. N’arietics containing 
moie carbon an; tenin'd puddled 
steel. 

Ik Ingot Iron (mild steel). I’ro- 
)>an'd pcrfcidly (laid, therefore honio- 
gciM'ou.s and frt'C from slag. 'l lie 
lianler varu'ties, containing moi'c 
carbon, may be call (.'d ingot steel.' 

(\ Special variilie', ineludiiig 
malleable cast iron and temper 
steel , cementation .steel. 


Tbo (essential difTercnct* betwet'ii cast iron, stcel, and wrought 
ifOn (using* tlmse tcrnivS in their common acc(;ptatio)i) lies'Jin 
their varying content of carbon. Tdt'a.I cast iron consists'^of 
F(^ with 3 to 5 per cent, of C a.s graphite ; ideal steel of Fc with 
0*5 to ‘2'0 per cent, of combined C ; ideal wrought iron of Fe 
with under /)*! pw* cent, of (\ Intermediate percentages of 0 
give products approximating to one oi* other of the materials 
thins clas.sified. From this it follows tlnil ideal cast iron and 
ideal wrought iron, when mixed in suitaTjle ])roportions, would 
yield steel if the appropriate cliange in the •c.onc’ition of the 
carbon were effected. With commercial metals the production 
of ‘itccl by the mixtin-e of cast and wrought iron is generally 
impracti(;able on account of the presence of impurities— r.r/., 
phosphorus — which, although of small account in cast or wrought 
iron, are highly deleterious to steel. Tlie production of steel, 
tTi^rcfore, involves more roundabout methods than would appear 
♦ Used for large steel castings. • 
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from its more percentage of carbon. These will be described in 
due cours(‘. 

PURIFICATION OF CRUDE IRON.—Most of the impurities 
of cTude iron, notably carbon and silicon, are more easily oxi- 
disable at liigh temperatures than is the metal itself, whence it 
follows that all processes of purihcation, except that by electro- 
lysis, depend on the removal of the impurities by limited and 
regulated oxidation, whicli may be effected either partly by solid 
oxidants — c.f/., in puddling — or by air, as in the Bessemer process. 
The carbon is removed as gaseous oxides, the silicon as BiO., 
and the phosphorus as B./lf,, the last two acid oxides, being- 
more readily eliminated in the presence of a strong bas(^ — e.g., 
FeO or CaO. 

1. Purification without Complete Fusion of the Product.— 

As lias been stated above, white iron is better adapted than 
grey for conversion into malleable iron by puddling, because its 
comparatively low content of silicon causes it to pass through 
a pasty stage before fusion, the advantage of which will be 
gathered from the description of the puddling process (v.i.). 
Gr(‘y iron melts more sharply than white, and, therefore, can be 
oxidised by a gaseous oxidant injected through it more readily 
than by treatment with a solid oxidant. ^ Oxidation with air 
blown through the metal is comparatively modern, wherefore 
the production of malleable iron from grey iron was formerly 
neiicssarily preceded by the conversion of the grey iron into 
white iron. This process was conducted in the refinery — the 
term being a misnomer as the product is not sensibly refined, 
but merely converted into white iron. The German phrase 
weissmachen, (whitening) is more appropriate. 

The refinery hearth consists of a rectangular cast-iron bed, th^ 
floor of which is of sandstone, and the sides hollow and water- 
cooled. A chimney surmounts the hcartli, and upon the latter air 
is directed through twyers at a pressure of 2 to 3 lbs, per square 
inch. The floor is protected by a layer of brokep sandstone 
which soon fluxes to a glaze. The charge of grey pig, or of 
molten iron direct from the blast furnace, mixed with coke, is 
kept under blast for about two hours, during which time the 
iron forms a layer beneath the fuel, but is oxidised by the air 
directed downwards upon it. The silicon is the main impurity 
oxidised, carbon and phosphorus being but little affected, Tims, 
the slag is a nearly pure ferrous silicate approximating in formula 
to 2FeO . SiOo. The white iron is run into chilled moulds in the 
form of plates 2 to 3 inches thick, which are brittle enough to be 
aftenwards easily broken. The refining proper (as distinct froifi 
“ whitening ”) of the metal thus obtained was originally effected 
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in an open lieartli, wliicli consisted of a forjj^e worked with a 
blast. Li this forge, fuel (charcoal) was first raised to incan- 
descence, and the iron piled on top. After a time the metal 
melted and trickled through to the bottom of the hearlii, })assing 
Arougli the stream of air from the twver on its way. ]5asic 
silicates of iron were thus formed, aaid a certain amount of 
decarburation occurred, so that the mass be(*ame ])a.sty ; it wais 
then balled and re])laced on the top of the fuel, its ])assage to 
the bottom and oxidation Ixang repeated. Finally, the “ bloom,” 
or mass of pasty metal, was b(‘a ten under a tilt hammer t o express 
slag. , In this operation oxidation is <‘lTe(‘ted bolli by solid oxi- 
<lants (oxides of iw->n) and by air. 

Tiiis process, known as the South Wales ])rocess, has been 
almost completely abandoiuul in this country in favour of the 
mamifa(;ture of 8te(‘l, a.nd is only us(h 1 to a lirnittal extent for the 
production of best char< oal iron.” 

The puddling process, introduced about 120 yeai^ ago, differs 
from the open-hearth process, in tliat the metal is lu'ated by the 
combustion of gases instead of by direct contact with solid fuel. 
The solid fuel wlience the gases are produced may, therefore, 
{•oritaiii sul])hur, the SO., given off on combustion not being 
absorbed by tlie iron, 'the need for a non-, sulphurous fuel sucli 
as charcoal is thereby obviated. The re.vcTberatory furmwje 
shown in Fig. lb is the oldest form of furnace foi* this pur})ose, 
and })rovides ga,seous fuel in precisely tlie same manner as the 
modern gas producer does (see p, 80). The bed of the rever- 
beratory furnace wbicli forms the puddling furnace is of east- 
iron plates, sii])})orted on wroiight-iron bars, which allow of free 
circadation of air, wJiereby tlie plates art' cooled. 'Fliis bed is 
'^>rotectod by a lining or ” fettling ” of hammta- slag squeezed 
from the bloom {v.i.), and a sujxirlicial layer of nearly ])urt^ oxide 
of iron — c.f/., luematite — tlie whole being so mouldt'd that a 
sauccr-sliaped depression is formed. In older forms of the 
process, kjipwn as dry puddling, “ rctiiuai ” — f.c., white iron {v,s.) 
— was used and heated until it becamt^ pasty and partly oxidised, 
when it was broktu) up anti t:ontinuonsly stirred to mix it with 
the oxide forined. In the modern nu thod of ])uddling — pig- 
boiling ” — grey iron is used, and allowed t(^ bet ome perfctdly 
fluid before stirring with oxide of iron, which is provided in this 
cage by the fettling. During this incorporation tlie temperature 
of the furnace is lo\.ered, and slags containing oxide of iron are 
added to flux the silica formed by the oxidation of the silicon 
of the pig. It is sometimes the custom to make certain additions 
•of “ physic (usually quack preparations) during the early stages* 
of the puddling process to assist oxidation. The moet usual is 
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a mixture of manganese dioxide 
and salt ; the former supplies addi- 
tional oxygen and promotes fluidity, 
while the salt, being decomposed by 
silica, possibly assists in the more*? 
complete removal of phosphorus as 
chloride. Usually, however, the 
propo]*tions of “ physic '' added are 
too small to produce any marked 
effect. When the blue flame of CO,, 
due to the oxidation of the carbon 
of the pig by the or.ide in the slag, is 
perceivc'd, the tem]:>erature is riiised, 
to (‘om})ensate for the decreasing 
fusibility of the iron as its im])uri- 
ties are removed. The charge is 
now “ rabbled — ?.c., swept from 
the centre towards the circumference 
of the hearth by an iron bar — during 
which process the ebullition of tlu‘ 
mass caused by the escape of (.'() 
decreases, and the iron “ conies to 
♦nature.” After aiiotlier thorougli 
mixture the metal is agglomerated 
into balls, wliich are brought to a 
welding heat and withdrawn from 
the furnace. If is then strongly 
('ompressed either by blows from a 
steam hammer or by means of a, 
squeezer consisting of a lever, on the 
principle of a pair of nut-crackcus, 
working against a bed plate. The 
slag is thus squeezed out, and a 
“ bloom ” of wrought i^on is ob- 
tained wliich can be rolled down into 
bars by passage, between grooved 
rollers. The iron is rendered more 
nearly homogeneous and its quahty 
improved, by cutting the puddled 
bar into lengths, piling it, re-hcatijig 
in a reverberatory furnac^e, and 
again hammering and rolling. These 
reverberatoiy. furnaces are simihir 
to those used for puddling except' 
that the beds are flat and slope 
. \ 
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downwards towards Uie due. at the bottom ot whieh the “ flue 
einder ” flows out. For rc-hcatins 

the usual ref’cnenitors) avp often emplo^^od. ^ 

^Ipmens funnee as used for puddling and reheating, is shown 

of the irrade known as " niorehant iron. 



Kig. 16. 


Many attempts l.ave been made to replaca, '‘and puddling ^ 
mechanical recesses, but hitherto tl c^ have met "ith very 
limited success, 'rhere are two classes of mmchamcal puddling 
processes • in the one the rabble is actuated by power, in the 
other the bed of the furnace takes the form of a cylinder, heateu 
iuternaUy by producer gas from a separate grate, (^aj able of 

rotatio)!, the whole a^i'angement being comparable witlit^^^^ 
revolving black ash furnace (.see Allah VoL 1 .). |,,£, ,.on-' 

•is lined with oxide of iron fettling which is ‘ ‘t n con 

tact with tl^e charge and efteets deearburation. Ihf lolloping 
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analyses (Turner) show the composition of puddled lar and of 
the finished wrought iron The impurities are largely derived 
from interstitial slag, which may be present to the extent of 
1 per cent, or even more: — 



PiKiiiii'a 

Wrought 


liar. 

Uou. 


Per cent. 

Per cent. 

Carbon, ....... 

o-io 

0*0P 

Silicon, ....... 

0-13 

(T 

Manganoac, ...... 

1 0-08 


Phosphorus, ...... 

0-35 


Sulphur, ....... 

O-Oo 

I 

Iron (by dirt'orence), ..... 

99*20 

Vl . j 


100*00 

lOO'OO 1 


The output of wrought iron by puddling crude iron is about 
90 to 91 per cent of the iron charged. 

Chemistry of Puddling. — The process of puddling is conducted 
essentially for the selective oxidation of the impurities of the 
crude iron, but at the same time the charge must be mechanically 
worked, not only to expose ample surface to the incoming air, 
but to cause the slag (formed by the impurities), whicli is inti- 
mately emulsified with the metal, to run together and agglo- 
merate in distinct drops easy of expression under the hammer. 
In common with other processes for purifying iron, puddling 
first causes the elimination of silicon and manganese, carbon, 
sulphur, and phosphorus being removed at a later stage. •«" 

Of the two principal theories of puddling which have been 
suggested — viz., Siemens' magnetic oxide theory, and tlie ferric; 
oxide theory of Snclus — the former is most usually accepted. 
According to this theory the oxidation of the silica and carbon 
is entirely due to the fluid oxide of iron present in the “ cinder," 
which may be taken to consist of mnfgnetic oxide Fe.^0, and 
ferrous silicate. Indeed, it seems doubtful whether ferric oxide 
Fe.^Oy ever exists a: such in fluid cinder. 

In the ordinary process of puddling there are two varieties of 
cinder produced, difleriiig somewhat in composition. The fljst 
variety is known as “ boilings," from the fact that it bc^ils over 
the forcplate during the heat. The second kind is “ tapped " 
out at the end of the process, and is known as tappings. The 
following typical analyses show that the “ boilings " arc richer 
in phosphoi'ns and silica than the “ tappings " (Turner). 
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If the reinovai of carbon from cnnle iron by jjaddlin^ bo 
stopped before the stage corresponding with wrought iron is 
reached, a steely iron, called puddled steel, is obtained. A pure 
raw material must be employed, as the inlluence of sulphur and 
phosphorus upon steel is more deleterious tlian upon wrought 
iron. Modern steel-making pro(;esses liave displaceckthis method. 

Puddled iron is a definite variety of malleable as distinct from 
crude iron, by reason of its structure. Having never been fused, 
and having been repeatedly hammered and rolled, it consists of 
a mass of parallel fibres arranged to form lamina), each of which 
may be regarded as the representative of a member of the “ pile.'' 
Between adjacent fibres and laminae, slag, which hns escaped 
expression, exists and renders the metal non-liomogeneous. 
Malleable iron which has been produced by methods involving 
perfect fusion, and is, therefore, homogeneous and substantially 
free from slag, is now largely made by processes originally devis»Mi 
for the production of steel. Such “ ingot iron,'* commercially 
known as “ mild steel," is produced by the dccarburation of cast 
-- ifOP by the o])en hearth and Bessemer ])rocesses now about to 
be described (the properties of wrought iron are considered on 
p. 17, et seq.) 

2. Purification of Iron by Methods Involving Complete Fusion 
of the Prpduct. — These methods, which have been adopted 
within the last tliirty years, are typified by the Bessemer process 
and the Siemens Martin process. 

The Bessemer process consists in blowing air through fused 
pig iron wdiereby the impurities present arc successively oxidised 
and an approximately pure iron results, to wl ich carbon is 
Tutored (in quantity depending upon whether an ingot iron or 
a steel is required), b ' the addition of a material rich in carbon 
— c.f/., spiegel-cisen. 

The process is almofit unique among our large manufacturing 
•industries in that it is carried on to-day substantially jii th« 
same manner as when it was originated some 50 yeajs ago ; the 

' r 
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only improvements that have been introduced being in detailed 
mechanical arrangements and larger appliances. 

The operation is conducted in a “ converter,” shown in Fig. 17. 
This consists of a shell Otf steel plates with a refractory lining 
and carried by trunnions on which it can be rotated for filh^'xg 
and emptying. The converter is made in two forms, known as 
the concentric and eccentric, according to the shape of the nose 
or upper section. The latter form has the upper part of the 
<*onverter straight on one side and curved on the other, while in 
the concentric one (illustrated in the figure) this part forms tlie 
frustrum of a cone, the sides being equally inclined to the a^is of 
the converter. An air blast is supplied through pipes (which 



Fig. 17.— Walker’.s 10-ton converter. 

A, Veilical section. B, Side elevation. 

pass through the tr;iunions), whence it travels to the air box at 
the bottom of the converter, and thence by twyers to the interior. 
The bottom of the converter being the portion subjected to the 
greatest wear, and requiring to be frequently renewed, i§ made 
so as to be easily replaced. The usual size takes a charge of 
about 10 tons. As originally devised, the Bessemer converter ^ 
as liped with ganister, a highly siliceous material, refractory 
at high temperatures. The acid charaeter of this linj^ng did not 
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billow of tlie einploymeiit of iron from pliospliorie ores, as the 
•(‘limination of pliospliorus only takes place freely in the presence 
of a base capable of forming a stable phosphate with the oxidised 
phosphorus. Pure hmmatite pig has, therefore, to be used in 
jr?>i^cid-lined converter. The (.*hicf essentials in its composition 
are a very low percentage of sulphur and phosphorus, with about 
2 per cent, silicon. Grey iron is more suitable for the acid process 
than white iron, on account of its greater fluidity and its low 
sulphur content ; moreover, its carbon being in the graphitic 
form, the production of <‘arbonic oxide a t too ('arly a sbigc in the 
proce.6S is'not so probable as with white iron. 1 he silicon is a 
more important !^)urce of heat than is the carbon, on account 
of its high heat of combination with oxygen. In order to blow 
iron containing less than 1 per cent, of silicon, successfully, the 
heats must follow each other (piickly, and the vessels and ladles 
must be very hot. Quick blowing and short intervals is char- 
acteristic of American practice. The greater Ihe jvercentage of 
silicon the hotter is the (diarge, the longer the blow, the greater 
the loss, and the more expensive the repairs ainl maintenance 
If, however, the silicon is too low, it causes cold heats and bad 
working generally. Howe considers that 1*25 per cent, is the 
best proportion. In England, where high silicon irons are 
commonly available, the aim is to keep the silicon sulliciently 
low, whilst in Sweden it is just the reverse. A pig such as is 
, used in this country, and the iron ])rodiiced from it, have the 
following compositions : — 


(' 

1 

1 . 

2. 

3. 


Bossciucr i*ix- 

Meliil at nid 
of blow. 

Al'Li.‘r aililition 
of .spicjrcl. 
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j (’arl)on, . • • • 

j Silicon, .... 

MaiiganchC, . . • 

Sulphur, . . • 

i i’hosphorus, 

i’er cctil, 

:v57 

2*20 

0 04 

0*10 

0 07 
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The molten metal for supplying the converter may be melted 
in. a cupola, or taken direct from the blast furnace, or from the 
latter to a receiver or mixer before finally passing to the con- 
verter. The modern cupola is really a small blast furnace. In 
some cases the outsidg shell will be 10 to 12 feet in diameter, 
'and the blast pre.ssure as much as 2 to 3 lbs. per square inch. 
It is usually lined with firebrick and gamster. ^ 
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According to the best practice, uniformity of raw material is 
secured by mixing the product of several blast furnaces — thus 
avoiding the effect of individual irregularities of working — and 
running the still lirpiid metal into a tipping ladle, whence it is 
transferred to the converter. An extension of this principle. .l«ts 
been adopted by J. Massciiez, who combines the process of mixing 
with a method of desulphurisation, the two operations being 
carried out by the plant shown diagrammatically in Fig. 18. 
The cast iron is tapped from the furnace into a ladle which is 
nin by a locomotive to the mixer shown in the middle of the 
iigure, and is theii treated with sufficient ferro-mangangse to 
remove the bulk of tlie sulphur as Mn8, whiciv floats to the top. 
The desuljihurised iron is turned into .i second ladle, shown 



on th(5 right-hand side of the flgure, and is conveyed to the 
converter (q.v.). 

The c'onverter is previously heated by a charge of burning 
coke which is raked out before the vessel is filled. * The blast 
(usually 20 to 25 lbs. per square inch) is started, and tlic con- 
verter, which was turned over to receive the charge, is raised 
to a vertical position. The silicon and manganese in the iron are 
first oxidised and Uie temperature considerably riiised by their 
heat of combustion. A slag of manganous and ferrous silicates 
is thus formed. In (!onsequence of the products of combustion 
being solid, but little flame is visible at the mouth of the con- 
verter at this stage of the process, which lajts for some six minutes. 

the silicon is removed, the graphitic carbon becomes con- 
vertect into combined carbon and then burns, the charge boiling 
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from the escape of CO, whicli buros at the mouth of tlie con- 
verter, accompanied by a shower of ])articl(‘s of f)urnin^ iron. 
If the blow is too hot, as indicated by the appearance of the 
dame, scrap steel is added to lower the temperature. This 
se'»?*i 4 d stage occupies another six minut(‘s. ])uring a tliird 
period of six minutes the flame dies down, and is siuaa'eded by 
a stream of white-hot nitrogen from the air of the blast, tlu" 
oxygen of which is retained by the charge. A certain amount of 
both iron and manganese is volatilised during the second and 
third stages of the blow, when the metallic vapours are canied 
out aad b\frnt with the carbon monoxide. From the composition 
of this “ fume J[^e(3 16*29, MnO 48*23, 8iO., 34*86 per cent. — 
Prof. Hartley suggests th<^ volatilisation of fret' or combined 
silicon. Probably the “ fume '' is partly caused by the mechanical 
action of the blast. The metal noAv contains mere traces of 
impurities (sec table above), but is sliglitly oxidist'd. The con- 
verter is inclined, and a charge of spiegel-eisen added# the amount 
being dependent on the grade of the re(]uired product. Idn* 
addition of manganese in some form is absolutely essential in 
ordinary cases, as without it the steel is quite unworkable. Tlu^ 
contents of the converter are finally emptied into the ladle, 
whence, after its temperature has fallen suiiicF'ntly so that 
it pours quietly and is cn.pablc of yielding a sound casting, the 
metal is allowed to How into vertical cast-iixm ingot moulds. 

• The elTect of the spicgel-cisen is sliown in column 3 in tlie above 
table. AVhen a metal very low in (‘arbon — c.^., 0*25 per cent, 
is re(|uired, ferro-manganese is substituted for the s})iogel-ciseu, 
as by this means for a giveii content of manganese ji smaller 
proportion of carbon is introdueod. It is not fomid advisable to 
-Siii^rrr \vith the use of spiegel-eisen or of ferro-manganese 
by stopping tlie blow when the inctal contains a residual amount 
of carbon identical with that re(|uired in the fiiiished product, 
as it is less easy to hit the precise point than to almost com- 
pletely deegrburise the metal, and then restore* carbon to it in^ 
known amount. Moreover, it is probabh' iliat maiiganese i)as 
a beneficial effect as a de-ox idant. 

Occasionally, Jiowever, in Sweden, wl/'ii the amount of man- 
ganese in tlie pig is above 2 per cent., the direc^ method is adopted 
— that is, the blow is not continued till the whole of the carbon 
is •burnt off, but stopped when the metal contains the desired 
amount^ of carbon, which is judged by the aid of the spectroscope 
and the colour of tlie slag. 

In regard to the nuvhanisin of the reactions taking place in 

* Carlx)n ais such has l)i-cn proposed as a suhstilutt' fur fciro-inangancBv 
or sptiqel-cise^ ir.f. Darby ])roruss, p. 209). 
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the converter, it cannot be supposed that traces of impurities 
are seized by the oxygen out of the large mass of metal and 
oxidised directly, but it is generally admitted that the oxidation 
is an indirect reaction, magnetic oxide being first formed near 
the twyers, and, acting as a carrier of oxygen to the impn;»^'es 
in the bath, is reduced by these impurities to FeO and Fe as it 
passes upwards. 

The need for utilising phosphorh* pig has led to the use of 
a basic instead of an acid lining. Thus, in the Thomas- 
(lilchrist ])rocess, the converters are lined with dolomite, which 
is cither made into bricks or mixed with tar and Cammed in 
Situ. Since grey iron generally contains much silicon, it is un- 
suitable for the basic process. Wliite iron contains only a 
moderate amount of silicon, and is often high in phosphorus, 
which, being a good heat })roducer, and f)laying a. j)art similar 
to that of silicon in the acid process, is required in the basic 
process. In, fact, a certain percentage of phosphorus is as essential 
to the basic process as a certain percentage of silicon is to the. 
acid process. In practice 2*5 to 3*0 per cent, of phosphorus is 
found to give the best results. Pig iron containing mu(;h less 
j)hosphorus than this does not give satisfaction. 3’he charging 
and blowing are conducted as in the acid process, save that 
before charging about 10 to 15 per cent, of quicklime, calculated 
on the weight of the charge, is introduced, and the blow is con- 
tinued past the point at which the consumption of the carbon 
is complete, this second period being known as the “ after-blow '' ; 
during this time the j^hosphorus, wliich is the last impurity to 
be burnt, is oxidised and combines with the lime to form the 
basic slag, which is used as a fertiliser (see Manmes, Vol. II.), 
or for producing phosphoric pig in the blast furnace. 
production of pig rich in phosphorus is necessary, as iron poor 
in phosphorus, though still containing too much to be dealt with 
by the acid process, cannot be treated in the converter as satis- 
factorily as can that rich in this element. Silicon is,, more com- 
pletely removed than in the acid process, the reverse being the 
case with manganese. Sulphur is removed almost entirely 

during the “ after blow in the form of calcium sulphide by the 
action of the fluid calcareous slag, possibly with the assistance 
of manganese, which may also play some part in its elimination. 
The- basic slag is poured off and spiegel-eisen introduced, followed 
by ferro-manganese, which is added to the metal in the ladle. 
The following analyses illustrate the changes which occur in the 
composition of the metal : — 
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The chief impro^Tineiits in the biisic Besseiuei- process in recent 
years have been the introduction of processes sucli ns tliose of 
Flohr, and Massenez, involving- the addition of oxides of iron 
in the converter, with the object of increasini»- the hiiidity of the 
slag and decreasing tint waste. The greatest drawback to the 
use of Cleveland pig iron in the l)asic converbM’ is it:^ high silicon 
content. Wlien blown directly this causes rapid wearing of the 
linings, and also forms a.n acid slag which reacts violently with 
the basic slag, resulting in quantities of slag and ii on being blown 
out and consequent fluctuating yields. Moreover, a. large slag 
volume is inevitable because of tlio excessive airiouiit, of lime 
necessary to neutralise the SiO., and IM)-, a,nd as a result the 
slag is low in PwOr,, and commands a. low price as a fertiliser. 

,It was even found necessary in the Cleveland district to import 
foreign ores to mix with the Cleveland stone to make an iron 
low in sulphur and silicon with high phosphorus. J'hc Massenez 
process is especially adapted for the manufacture of steel from 
high-silicon phosphoric pig iron by the basic Bessemer process. 

S iron ‘Oxide is first put into the convert(‘r with or without a 
cjuantity of lime and the molten Cleveland pig iron (Si 1‘5 
to 3‘0 per cent., P 1*45 to 1*55 per cent.) poured in. The metal 
is blown till all the Si is oxidised, and the converter tljen turned 
down and as much of the slag as possible pourt'd olf. The slag 
contains Pe 3 per cent., SiO. 35 to 15 per cent., and no phos- 
phorus. Owing to the low temperature during the first blowing 
it affects the basic linings but slightly. ^'he sliig after the second 
blowing contains Pe. 8 to 11 per cent., 8i()., Ih to 12 per cent., 
P.Xlr, 14 to 20 per ( cnt. The oxide added is cMomplctely reduced. 
Tlie working of the process is clean, and the steel produced is 
regular in quality. 

The high temjierature produced by the oxidation of silicon in 
the Bessemer process i^s favourable to the burning out of the 
•carbon, which occurs next, but unfavourable to the combustion, 
of the phosphorus. The Flohr process introduced at Dudiilingen 
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consists in adding, at the end of the decarburising period, specially 
prepared briquettes of mill (under and lime. A reduction in 
temperature arises partly from the withdrawal of the heat neces- 
sary to heat the briquettes and to dissociate the Ca(Oir)., and 
water resulting from it, and partly from the reaction bet^en 
the iron phosphide in the bath and the ferrous oxide from the 
briquettes — 

r>tV() h -'tV,P 1 II tv. 

The dephosphorisation is, no doubt, aided by the liiicly divided 
lime resulting from the disintegration of the briquettes ready to 
form (*akuuin phosphate. The advantages claimed hw the 
process are a reduction in loss of metal cithc^r by oxidation or 
projection, a saving in lime recpiircd, an increase in tho phosj^horus 
content of the slag, and a greater permanency of tlu^ converter 
bottoms and linings. 

Although the general tendency has been to increase the capacity 
of the converters and the general adoption of bottom blowing, 
the small convertor with side blowing is still used, mainly to pro- 
duce very soft, low (*arbon steel, or more especially steel for the 
manufacture of castings. These processes, such as the (dapp 
(Irifliths, Robert, Tropenas, etc., vary more in their mechanical 
details than in any essential differences in the ])rocesscs them- 
selves. 

The Siemens-Martin or Open-Hearth Process. — 'I’he produc- 
tion of refined iron from c-rude iron can be effected in “ open ” 
hearths heated by regenerative gas furnaces (see Fig. 8, p. 84), 
as well as in converters. There are two forms of this process, 
the Siemens-Martin, in which a mixture of pig iion and scrap 
wrought iron is used, .and the Siemens, in which pig iroiwind 
iron oxide (pure ore) are employed. In the first case the reduc- 
tion of the content of pig iron in carbon and other impurities is 
effected (a) by dilution with the less impure scrap,* and (b) by 
the selective oxidation of the fused metal by the furnace gases. 
In the second, the oxidation of the carbon, etc., of the pig is 
performed by the oxygen of the ore as well as by the furnace 
gases. The saucer-shaped hearth of the furnace A, which in 
modern practice -often has a capacity of 40 to 50 tons, is made of 
iron plates (kept (^^ool by circulation of air beneath them) and is 
packed with highly siliceous sand, or, in the case of the b^sic 
open-hearth process, with dolomite or magnesite burnt and 
ground with tar. When the furnace is white-hot, red-hot pig 
iron is charged, and when this is fused, scrap iron or ore (or 

* Which is useless until it has been remeltcvl and recovered as massive 
metal.' 
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both) is gradually added. The proportion of pig to scrap varie.s 
according \o the composition of both and of that of the metal 
to be produced. A usual proportion is about 1 of pig to 3 of 
scrap. After each addition of scrap the charge is \vell stirred, 
aii^\vhen complete admixture has taken place, sam})les are 
withdrawn and tested, and pig or scrap added according to 
requirements. Owing to the complete control of wliich gas firing 
allows over the heating of the furnace, the exact adjustment of 
the composition of the bath of fused metal can be attained by 
repeated tests and additions of the comjDonent materials. When 
usin,g,a b?isic lining, a phosphoric pig may be worked, and lime 
is added to the ^ath. As in the basic Bessemer ])roccss, the 
complete removal of carbon is needed to ensure oxidation of the 
phosphorus. Whiclievev process is worked, tlic liiud adjustment 
of the content of (*arbon is effected by Ihe addition of ferro-maii- 
ganesc as in the Bessemer process. To insure solid (‘astings in 
basics open hearth work a higiier proportion of silicc^n is required 
than can be obtained in the pig iron fulfilling the requirement of 
the furnace. Tlie additional silicon is added in the form of 
ferrosilicon or silico-spiegel ((j.v.), while more riuTMitly silicon 
<‘arbide lias also been used. Other elements used to jiroinire 
solidity arc manganese and aluminium ; the latter has, to a 
considerable extent, replaced ferrosilicon for this ])urpose. These 
elements (Si, Mn, and Al) seem to act partly by deoxidising 
tlie iron and carbon and partly by increasing the solvent ])Ower 
Df the solid metal for gases, so that a less amount separates out 
)n cooling. Recently titanium in the form of fcn'otitaniuin has 
)cen used to secure homogeneity in the steel ; it probably does 
his by CQmbiniiig with both oxygen and nitrogen jiresent in the 
j4<^l. The process takes about eight to ten hours, and the loss 
if metal amounts to 5 to 7 per c(‘nt. 

In order to ha.sten Bie operation, the jiig iron may lie charged 
nto the furnac^e in a molten state. So far as tlie acid open- 
learth process is concerned, there is probably little advantage in 
ising molten metal, as it is not possible to add oxides of iron 
m the silica hea-rth of the furnace to effect rapid oxidation of 
bhc impurities, and it has not been gvierally adopted. When 
:iold materials are charged, the large size of* irodern furnaces 
necessitates mechanical charging, and this has been met by the 
'^Wellman charger'^ and similar machines, by whieli the materials 
ire charged about 1 ton at a time from boxes. In basic open 
hearth*works the best practice is to take molten metal, previously 
subjected to a prelimyiary refining in a “ mixer,’’ direct to the 
ipen-hearth furnace, some of the ore and lime having been pre- 
ciously charged into the furnace by a Wellman ^hargW. In 
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this way very rapid oxidation of impurities can be effected by 
oxidising' slag, and considerable saving in time in tlie working 
of the charge is effected. The “ mixers ’’ used in the Bessemer 
and open-hearth proc^esses are simply large reservoirs of 300 to 
100 tons capacity, in which metal from a number of blast furyjwes 
is stored and poured oft' by tilting as required. They are usually 
gas-fired, the air, if not the gas, being regeneratively heated. 
It is becoming more and more the general practice to use them as 
preliminary refining furnaces by the addition of .pitable fluxes. 
Many of them are now basic-lined, and, by the formation of 
suitiible slags, not only can the metal be desiliconised, but largely 
desulphurised. In this connection the Saniter^ process of deaul- 
phurisation may be mentioned. It is based on the use of calcium 
chloride in conjunction with lime, and is sometimes carried out 
by placing in the mixer, before the molten iron is run in, a fusible 
mixture of calcium chloride, lime, fluorspar, and limestone in 
certain proportions. As it melts and rises through the molten 
metal it removes a large part of the sulphur present. Its mode 
of action is obscure, but it seems jn-obable that an oxychloride of 
lime is formed which enables a slag of great fluidity and basicity 
to be brought into intimate contact with the fluid metal. 

An important feature in the construction of large moderi.) 
furnaces is the insertion of a supplementary chamber between 
the “ ports of the furnace and the regenerators to act as a slag 
and “ dust-catcher.’' This obviates the choking of the regener- 
ators by the fluxing of tlie bricks, which might otherwise take 
place on account of the fine dust of iron ore or lime, a considerable 
amount of which is carried over mechanically with the gases in 
all open-hearth practice. Another important detail is the 
introduction of air-cooled hollow castings into the “ block 
the furnace, which helps to prolong its life. In America the use 
of the Blair water-cooled block has effected considerable economy. 

Three distinct methods of procedure in making open-hearth 
steel may be noted : — 

(1) To work the charge of pig iron until it has reached the 
desired amount o£ carburisation, and then tap out. 

(2) To completoty decarburLse the charge and add spiegel- 
, eisen or ferromanganese for recarburising. 

(3) To completely decarburise the c*.harge, and recarburise 
outside the furnace by the Darby or some similar process.' 

The first method is often adopted for steels containing 0*3 to 
0*6 per cent. carbo]i, but for the best qualities the second method 
is preferred. For steels with 0*7 per cent, carbon apd upwards 
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the third pielliod is lar^^ely employed. In the Darby process free 
carbon is* used for recarbiirising. Special carburising vessels 
were formerly employed, but afterwards found to be unnecessarv, 
and )U)w in similar processes it is customary to throw into the 
ladle at intervals a definite quantity of finely divided (*arbon. 
By^is means a considerable saving of ferromanganese is cfTected. 
In adding the carbon there is no marked change in the other 
elements, and as the ca.rbon is added to the charge in the ladle 
there is no reduction of phosphorus from the slag. The Darby 
pro(“ess has this advantage over the feiTomanganesc process of 
lecarburisWig in tliat, as there is a tendency for manganese to 
segregate in steely a more uniform product is probable with the 
former process, especially for the higher carbon steels. 

In order to overcome the dilliculties of tapping large charges 
from the furnaces, “ Tilting Furnaces have been receiUly intro- 
duced. Of these the Wellman rolling-furnace is an exam])le, 
in which the furnace is a strong steel shell lined ^vith silica, or 
magnesite bricks, resting on a. pair of rac,ks, and rolling on them 
by means of the segments of a large pinion. When pouring off 
slag or steel the furnac(‘, is rocked forward by means of two 
hydraidic cylinders mounted on trunnions at their lower ends, 
and having the upper ends of their pistoji rods attached to the 
pouring side. * 

Within tlie last few years several important modifications of 
^the basic open-hearth proc(‘ss have been introduced, two of 
which are of suflicient practical importance to des(‘rv(' separate 
mention— viz., tlm Bertrand-Thiel ami the Talbot continuous 
process. In th(‘ former proc(‘ss as generally pnctisc'd two open- 
hearth furnaces are usetl, ])refei’ably placed at differeni; hwels, 
so that the- metal ca.n easily be transferred from one to tlie other. 
Both are basic-lined. Either (‘old pig or molten metal from a 
mixer is charged into the first or “ primary ” furnace a nd largely 
dephosphorised and partially (hicarburised in the usual way. 
When the carbon is reduced to 1*5 or 2 per cent., a,nd the phos- 
phorus to a*l)out 0*2 per cent., it is transferred to the finishing 
furnace, in which scrap, oxide, and some liim; have been previiuisly 
heated, care being taken to keep back an;^ phos})horic slag in the 
primary furnace. A vigorous reaction takes placid, the non-metals 
being rapidly (diminated. By this process ®th(i time needed 
fo^working off a charge is consid(irably shortened, and the yield 
materially im^reased, especially when large tilting furnaces and 
moltcm i^oii are used. 

The Talbot process involves the use of large basic-lined tilting 
Airnaces of the W'ellmati type. Molten metal from a mixer is ^ 
charged and converted into steel in the usual way ; iiiStead, 

• •it 
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however, of pouring the whole charge, only one-third of the 
contents is teemed, and then a ladle of mixer metal equal in 
weight to that removed is poured into the bath of finished steel 
remaining in the furnace. Oxides and lime additions arc made 
in the usual way with a Wellman charger, and when the metal.is 
dephosphorised and decarburiscd to the required extent, another 
third is cast into ingots and more mixer metal charged into the 
furnace. In this way the furnace is worked continuously, being 
Ticvcr less than two-thirds full of molten steel, and it is only 
emptied at the week-end. The chief advantages claimed for 
the process are a saving in fuel, an increase in output find yield, 
and a saving in charges for labour and furnace repairs. 

A process which is still in its experimental stage, but which 
ap23ears to be very 2 )romiwsing, is the Lash process, in which steel 
is produced from the ore. It depends on the fact that when an 
intimate mixture of iron ore (such as magnetic iron sands), 
carbon, fluxt^s, and cast-iron borings (or granulated pig iron) is 
heated reduction readily takes place, and by suitably proportioning 
the mixture the desired grade of steel <ain be j^roduced. 'rin* 
“ Lash mixture '' contains a 2 )proximately : — 


Granulated pig iron. 

. 23 pin* cent. 

Ore, .... 

. (H) 

Coke, .... 

. ' 11 „ 

Idme, .... 

(> 


100 „ 


A typical charge for producing 1(X) tons steel ingots in the 
open-hearth furnace is as follows : — 

]jash mixture, . . . . .122 tons. 

Pig iron, . . . . . . 32 „ 

Ore, 2 „ 

a certain amount of pig iron or scrap being used in addition 
to the Lash mixture. 

The process is also being adapted to the electric 'furnace, in 
which case it is not necessary to use pig iron in addition to the 
mixture. For producii^ 100 tons steel the charge used is — 

• 

Laah mixii,irc, . . . . .172 tons. 

Ore, 2 „ 

A combination of the Bessemer and open-hearth processes 
has lately been practised under the name of the “ Duplex process. 
According to this method it is customary to blow the Bessemer 
cheats until the carbon is reduced to aljbut 1 or 1*5 per cent.p 
the stlicon and manganese, of course, having been previously 



PRODUCTION OF CEMENTATION STEEL. 211 

<^liminated, and then to work oft‘ the remainder of the carhon 
together ^^ith the phosphorus and as mueli sulphur as ]K)ssible 
in the open hearth. 

Soft metal (ingot iron, mild steel is largely made by 
the Siemens process, and used for boiler and ship plates, bridge 
worK^etc., while a harder grade, which may be reckoned as a true 
steel, is made for railway carriage wheel tyres. 1’he following 
iinalyses show twc) grades commonlv made : — 


1 

Iron. 

- 

Tyre Steel. 


Per cent. 

Per cent. 

Carbon, . • . . . . 

017 

0-58 

Silicon, . , . . . 

0 02 

0-2.S 

Manganese, .... 

0-04 

0-04 

Phosphorus, .... 

0 ()(> 

0 08 

Sulphur, ..... 

001 

0 08 


PRODUCTION OF CEMENTATION STEEL.—For the produc - 
tion of the best classes of steel — c.f/., tool steel — none of the fore- 
going proc.cvsses for making ingot iron or steel of moderate liardness 
is well adapted, on ac(a)unt of the impurities — c.cy., S and P — 
which the metal retaiife. Steel which is to be hardened for (“utting 
])urposes contains from 0*8 to 1*5 per cent, of C, and must be as 
^nearly as possible free from other foreign constituents. In conse- 
<{uen(ie, the very purest puddled bar is taken as the raw material 
and carburised, and thus (amverted into steel, by the cementation 
process. The bars of iron, which are about 3 inches wide and 
I inch thick, and 8 to 10 feet long, are packed in fireb]*ick boxes, 
set over a long grate, in furnaces commonly heated by solid fuel. 
The i5ars are packed in these chests in alternate layers with 
(diarcoal which has passed through a to ^-iiich mesh sieve. 
Each chest is about 3 feet in depth, and takes a charge of 7 to 
8 tons of iron. A thick layer of charcoal is placed on the top 
and covered* with grinders'* waste (siliceous and steely particles). 
T''he temperature of the furnace is kept at a bright red heat for 
seven to ten days, according to the content cf carbon required in 
the finished steel, trial bars being withdrawn frQin time to time, 
and their quality judged by their fracture, %hich has become 
crystalline and lighter in colour than that of the wrought iroji 
used as a raw material. When pure iron is heated with carbon, 
the latteJ is gradually absorbed and penetrates the mass of iron, 
converting it into steel. The maximum amount that can be 
j^sorbed is 5 per cent. *^The mechanism of the change is not yet 

understood. According to one view the carbon passes through 

• * » 
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the iron in tli(‘ form o[ jiaseous compoiincls which ar(‘ decomposod. 

up their carbon to the iron ; ])ossibly the ^as^‘ 0 us com- 
pounds are decom[)Osed at the surface and tlie combined carbon 
transmitted Iav(;r by layer. Whether the, carbon diffuses as siicli 
in the same manner as a solid gradually diffuses in a solvent, 
or whether as carbides of iron, is still a matter which is i^.'id(‘r 
discussion. 

When the bars are withdrawn they are found to b(‘ c()V(‘red 
with blisters, whicli are due to the production of CO by tlu‘ 
action of the carbon on enclosed partkdes of slag, 'riie “ blistei’ 
steel is irregular in textun*, the content of carbon jlecreasing 
from the outside to the inside of the bans. Lt^may be renflen^d 
homogeiu'ous in one of two ways, 'rhus, the bars may be made 
into a bundle and welded, the produet being known as “shear 
steel,” and if tlion cut up and again welded, as doubl(‘-shear " 
steel. The second and better way to obtain a uniform product 
is by actual, fusion in crucibles. Steel crucibles ar(‘ mad(‘ of 
refractory fireclay and plumbago, and hold from (iO to 90 lbs. 
'riie old coke-h()l(‘, practically the same as 100 years ago, is still 
largely used for boating the crucibles. This is merely a rectan- 
gular cavity 18 to 21 inches s(piare and 3 to I feet deep. A number 
of such furnaces are, arranged side, by side. Comparatively 
recently gas-fired furnaces on the regenei^itive [)rinciple hav(‘ 
been introduced, while the Nobel litpiid fuel furnac(‘ is an arrange- 
ment for lieating a. number of crueibles with, ri'fined pt'iroleuni. 
Electric fiiiiiaces are also b(‘ing employed for this f)iirpose on' 
the Coiilinent, and in the future doubtless electric fiirnac(\s will 
be largely adopted for (lie manufacture of what is now known 
as “crucible steel,” especially for dealing with comparatively 
large charges. Crucible steel is not only made from blister steiT 
but also from mixtures of the best Swedish iron recarburis^Td in 
the pots by means of charcoal. Cheaper (jualitios are made in 
large ([uaiitities from selected steel sera}) by melting this witli 
Swedish pig iron or other reiairburising matiahal. The nu'thod 
of making cast steel by melting malleable, scrap iron' with char- 
coal and oxide of manganese introduced by Musliet in 1801 is 
still larg(‘ly practised. Wliatevcr the materials used, the molten 
steel is kept in the fire sufliciently long to eliminate gases and 
prevent blowholes'* This is termed “ killing.” Tlie use of 
aluminium is now becoming general in crucible ste(?l manufacture 
as a substitute for “ killing,” it being found tliat the additioiCbf 
very small quantities of this metal (()’02 to 0*03 per cent.) short! \' 
before teeming has the same effect in producing sound castings. 
.The metal is cast into ingots, and is kp*bwu as “ crucible casti 
steel,’'’ which needs reheating and hammering before it is lit for 



use in tooi-making. The following analysis sliows the composi- 
tion of a. good tool steel : — 


Carbon, 

Silicon, 

Manganese, 

Sulphur, 

Chos])horus, 


1-14 
0*17 
O' 10 
Nil. 
Nil. 


MALLEABLE CAST IRON. — The proce.ss of removing carbon 
from cast iron at a temperature below its melting point, by 
heatilig i^ with a solid oxidant, may be regarded as comple- 
mentary to thalp of irnparting carbon to wrought iron in the 
manufacture of steel by the cementation process (r’..s'.). The 
])rocess of preparing malleable cast iron was formerly thought to 
be an example of this reaction. In this process castings of white 
iron containing but little silicon and manganese are packed in 
firebrick boxes or in cast-iron cruc'iblcs in powde^ni lue.matite, 
gradually raised to a red heat, kept at that temperature for about 
three days, and allowed slowly to cool. The metid is malleable 
so that it can be forged hot. 

The rationale of the process is somewhat obscure, but it appears 
that the carbon is (eliminated by oxidation while still in (com- 
bination with the iron, by direct reaction with the oxidising 
medium. At a moderately high temperature (above the recal- 
•esccnce point Ar,, see p. 215) iron carbide begins to decompose, 
a,nd the released carbon is dissolved in the iron until a.n ec^uili- 
brium stage is readied, at which the pressure of the dissolved 
carbon prevents the further dissociation of the carbide. The 
carbon now in solution diffuses outwardly to the surface to 
replice tlie carbon already eliminated. In this way an external 
layer of decarburised iron is formed, which may attain consider- 
able thickness. Malleable castings can also be made from 
white iron by heating in a non-oxidising mixture, in which case 
the combin«cl (carbon is largely converted into the graphitic state 
without appreciable loss. The process is said to be more rapid 
and better suited for larger articles, and is the one chiefly followed 
in the United States. Such malleable* cast iron is known as 
“ blackheart,” from the black, velvety appearance of its fracture. 
It appears that as the temperature rises the solvent power of 
itMn for carbon increases until at 1,030° C. it can dissolve 1*5 per 
c^ent. At this critical temperature, however, the whole of the 
residual carbide decomposes in spite of the carbon pressure 
^rround. The iron camiot, however, dissolve more than T5 per 
cent, at this point, and*tlie r(Mnaind(‘r of tln^ carbon is. tli(ir(‘fore* 
<lej)Osited a>>igraj)liite as fast as it is .separated. 
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CASE HARDENING.— Aiiotlioi iiistiince of tin* tran.sCt'renro 
of caTbou to iron from without, iu the rnniuior occurring in tlio 
(iemontation proross, is afforded by the opoTation known as 
casc-hardonin^. This is best cjiTried out by heating the iron to 
be (‘ase-lia.rd(;ned in a bed of charred organic niattc'r — siwfl. as 
is nitrogenous — c.r/., leather, bone dust, etc*., bc'ing usually 
adopted. I^y this means a layer of steel, wliich may be, as 
mucli as inch in thickness, is formed on tlie outside, of the 
artich^ treated. A slighter steel him may be obtained by 
sprinkling th(‘ red-hot metal with powdered potasfdum ferro- 
cyanid(‘. Artnour plates for battle ships ar<‘ externally hafdeinal 
in this way. * 

llarvey’s process consists in carburising om* side* of a. mild 
steel plate by cementation, the carburised face being afterwards 
hardened by sudden chilling from a red heat. ^Another important 
process for armour plates is that of Krupp, of Essen, who car- 
burises by means of gaseous Wdrocarbons, and then hardens. 
Two plates are placed on a hearth, one above the other, with a 
space between, and with their faces inwards, so that the car- 
burising gases may pass between them. A process for making 
compound armour plate, and avoiding the tedious process of 
cementation, is that of Beardmore, of Gksgow% who produces 
ingots composed of layers of hard and soft steel perfectly united. 
A layer of steel is run into a horizontal mould, the bottom of 
which is kept cool, which causes the bottom layer of steel to set* 
quickly ; while the upper layer is still liquid, a charge of milder 
steel is poured in, and unites with it, and vso on with a third 
layer of still softer metal. The ingots are pressed and rolled 
into plates. By this means a much greater depth of hard steel 
can be obtained in a comparatively short time than is p(fr-?sihle 
by a cementation process such as Harvey's or Krupp’s. 

As regards the material now \ised for armour plates, it is gene- 
rally a special steel with varying percentages of such metals 
as nickel, chromium, manganese, vanadium, and tungsten. 

EFFECT OF FOREIGN ELEMENTS UPON IRON AND 
STEEL. — The purest iron attainable is that prepared by electro- 
lysis. The best, conditions for obtaining it are said to be as 
follows : — The bath consists of a solution of 200 grammes of ferrous 
chloride (or ferrous ammonium sulphate), 50 grammes magnesium 
sulphate, and 5 grammes sodium bicarbonate per litre ; fhis 
solution is electrolysed with a current density of 0*003 ampere 
per square cm. at the cathode, which consists of copper thinly 
^ silvered and iodised and maintained in l^otation. The anode hf 
of wrought iron. More sodium bicarbonate is added as electro- 
lysis proceeds. The iron deposited improves in quality as the 
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process proceeds, and finally reaches a strength of over 30 tons 
per square inch. Owing to the low current density, the iron is 
free from hydrogen, which is always present when high current 
density is used. The amount of hydrogen thus combined may 
amq^nt to 240 to 250 times the volume of the iron, corresponding 
with the formula Fe,.;H^>. This form of iron containing hydrogen 
is hard and brittle, whence its application in facing copper plates 
used for electrotype printing processes ; the method of depositing 
steel-like iron for this purpose is known as acierti/pe. The 
Langbein-Pfanhauser-Werke Aktiengesellsc.haft of Leipzig is 
now«prot’fticing on a commercial scale plates and other articles 
of iron of at le^^t 99*95 per cent, purity. The process is due 
to F. Fischer, and the iron is obtained elcctrolyti(‘ally in a single 
operation from the electrolytic bath, using merchant iron as the 
anode. As would be expected, such pure iron possesses extra- 
ordinary softness and ductility, its hardness, as determined by 
Brinelhs method being 92 before and 62 after am^^aling (on the , 
same scale annealed ('opper = 95 and aluminium = 52). Pure 
ron has a specific, gravity of 7*86, but this depends somewhat 
m the mechanical treatment to whi(.*h it has been subjected, 
or when stressed its specihe gravity is lowered. The maximum 
/alue may be taken^as about 8*0. 

According to Carpenter and Keeling, pure iron (containing 
)‘01 per cont. carbon) melts at 1,505'’ C. When allowed to cool 
Tom this temperature, the regularity of cooling is interrupted 
it three different temperatures, an evolution of heat taking 
)lace which prolongs the period required for the metal to cool 
:hrough a given range of temperature. The temperatures at 
vhich retardation during cooling (rejroidissement) takes place are 
ndi^jated ‘by the symbols (introduced by Osmond) Ar,, Ar.,, Ar.^. 
Three similar arrests are noted in the rate of heating as the 
emperature is raised from that of the atmosphere to the melting 
ioint of iron, the points observed during heating (cliaiiffant) 
)eing denpted by Ac,, Ac., Ac.,. The points recorded with a 
ailing temperature are about 30*^ C. lower than the corresponding 
joints recorded with a rising temperature. The symbols Ar, 
ind Ac,, therefore, refer to the same physical change, any differ- 
mce being merely due to the direction froi^ At'hich we approach 
he transition point. The three points are approximately 870^ C. 
4,598° F.), 760° C. (1,400° F.), and 680° C. (1,256° F.). These ' 
'hangq^ are not equally well marked in all varieties of iron and 
>teel, the nature and proportion of other elements present in- 
iuencing both the n lumber and position of the points of arrest. 
With the purest iron* obtainable, the lowest point is scarcel^^ 
jerceptiblcg while the highest point is%most distinct.^ On adding 
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more and more carbon the highest point is caused to fp-ll steadily, 
until with high carbon steels only one point is noted ; this is 
extremely well marked (674° C.), so much so as to cause the 
steel, after it has cooled to a dull red. heat suddenly to glow 
again and increase in length. This phenomenon is knoj^n as 
recalescence."^ 

As an explanation of the above facts, Osmond has advanced 
an allotropic theory, according to which iron is capable of existing 
in three modifications, known respectively as a, ,5, and y-iroii. 
The last form is stable above 870° 0. (A.^), and is usually formed 
on the solidification of the fused metal. Between Mx^ and Ar.; 
the form is the most stable, while the a modification is pro- 
duced if the iron is slowly cooled below Ai'i, and is the form 
which is capable of assuming magnetic properties. 

Iron is peculiarly sensitive to the influence of impurities, 
which may also affect the influence of each other. The impuri- 
ties most commonly present in cast iron, wrought iron, ingot 
iron, and steel are C, Si, S, Mn, and P. As will be seen by 
reference to the analyses of various grades of iron already quoted, 
cast iron contains each of these elements in the largest propor- 
tion, including those which have a deteriorating effect. It is on 
account .of this that cast iron is a comparal^yely weak and brittle 
material. The weakness is largely due, in grey and mottled cast 
iron, to scales of graphite disseminated through the* metal, thus 
destroying its perfect continuity. When, from the absence oh 
silicon (v.s.), white cast iron is produced, it is still of low strength 
from the effect of the sulphur and phosphorus which it contains, 
although their action cannot be definitely attributed to the same 
cause, but rather to a more subtle influence indicated below. 
In the best wrought iron, ingot iron and steel, the quaiiAities 
of S and P are reduced to a minimum, for when present in appre- 
ciable amount — as in the case of puddled iron — they only exist 
as constituents of interstitial slag. 

In considering the effect of impurities on steel, the unequal 
distribution of such impurities is of the greatest importance. 
This unevenness is due to the tendency of certain cojistituents 
to segregate, especially •• when the steel is slowly cooled. Howe 
divides bodies Whj^>h tend to segregate into three groups — (a) 
compounds which differ from the rest in fusibility, (h) compounds 
' which have a strong affinity for each other, (c) compounds w'hfch 
differ greatly in density from the rest of the mass. For instance, 
carbon and phosphorus have a greater affinity for iron than 
manganese, and the carbides, phosphides^ and sulphides of iror^ 
• * A ipurth recalescence in steel containing 0*2 per cent, carbon ha.s been 

observed recently by Arnoldd/inV. Asaoc., Sept. 1910). , 
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are compi^ratively fusible and of low density. According to 
Harbord, sulphur and phosphorus are the elements most unecjually 
distributed, but carbon also segregates very readily. It is 
generally found tliat segregation of one impurity induces segre- 
gat-i^i of the rest. Wliile chrome and tungsten steels are very 
liable to segregation, nickel steels are remarkable for their 
uniformity. 

Carbon is by far the most importiint of the foreign elements 
present in commercial iron. The graphite which occurs in grey 

< ast iron is rarely found in wrought iron, ingot iron, or steel. 
According* to Ledebur, carbon, in a state similar to but not 
identi(‘al with g#aphite, may be formed by prolonged heating 
of iron containing the forms of carbon next to be mentioned. 
'Fhe existence of this form of cjirbon ((tailed “ temper carbon ”) 
is, however, not generally accepted. On the relations of these 
two remaining forms of carbon {‘‘ hardening carbon ” and 
“ cement carbon ’") the explanation of the phenoinMia of hard- 
ening, tempering, and annealing largely depends. It is this 
capability of being hardened, tempered, and annealed w’hich 
<*onstitutes the essential difference between steel and wrought or 
ingot iron, and it first becomes evident when tln^ proportion 
of carbon exceeds 0-^5 per cent. It must be understood that 
this stateiiKMit applies to iron containing carbon and no other 
impurity, as other elements — c.f/., pliosphorus or sulphur — 

• may exhibit analogous properties with a lower percentage of 
carbon. The hardening effect of these cannot la' substituted 
for that of ca,rbon, as the former gives “ cold-short ” iron — 
/.c., a metal which is brittle (especially to shock)— and the latter 
“ red-short ” iron — viz., one wliich is brittle at a red heat and 

< anngt be/worked. 

In the following description of the process of hardening, true 
steel, consisting of iron with more than ()'2r) per cent, of (’ and 
a minimum (juantity of other elements, will be spoken of. On 
floating ste^l above the critical point Ar.j (about 870*^ 0.), and 
cooling it suddenly — c.f/., by plunging it into water — it will be 
rendered hard,' wlu'reas if allowed to cool slow ly from this tem- 
perature it is comparatively soft. Such* process of liardening is 
always adopted for steel tools — ?.c., those c{||jat)ie of taking and 
retaining a cutting edge. It is obvious that as the steel after 
hardening cannot be w orked except by grinding, the tool must 
have re<;eived its shape before, hardening, so that nothing remains 
but to grind it to an edge. But few' tools can be used in as hard 
and brittle a condition as that obtained by direct <iuenching 
irom a red heat in cold*water. The excessive hardness nuist be* 
removed \>y lem})erin(j in order that theiedge of the tcyil niay not 



218 


METALLURGY. 


be easily chipped but may possess a certain elasticity, or springi- 
ness. The process consists in gradually reheating the hardened 
steel to a, temperature, coiusiderably short of redness, proper to- 
the particular class of tool to bo prepared, and quenching in 
water when this is reached. These temperatures are inc^ated 
by various colorations of th(‘ bright steel surface, and may be 
stated as follows : — 


Coloration. 

'I'cinpei alurc. ‘ 

Class of Tool. 

Faint yellow. 

220 ^ C. 

428 F. 

• ^ 

Surgical instruments. 

Straw yellow, , 

230" C. 

- 440' F. 

Kazors. 

Full yellow. 

243" C. 

- 409^ F. 

Penknives. 

Brownish-y(*llow, 

255" C. 

- 491 F. 

C’hiscls and shears. 

Brown, 

205" C. 

: 509’ F. 

Axes and plane irons. 

Purple, . . . i 

21T C. 

- 531’ F. 

Table knives. 

Bright blufv 

288" C. 

-= 550" F. 

Swords and springs. 

Blackish blue, . 

I 310" C. 

001" F. 

Hand saws. 

Black, . . . ; 

400" (\ 

752" F. 

Spiral springs. 

It is found that unless steel be heated above the critical tern- 


perature Ar.^ it cannot be hardened by (pionching, nor is it hard- 
ened if it be cooled slowly from this temperature (“ annealed 
It is obvious that inasmuch as there can be various grades of 
rapidity of quenching (c.f/., by the use of mercury, cold water* 
hot water, and hot oil) the hardening of steel may be more or less 
perfect, and it is possible, by limiting the hardening in this way, 
to attain a given degree of hardness or “ temper by a single 
operation. 

When hardened steel is dissolved in dilute hydrochlwic or 
sulphuric acid, nearly the whole of its carbon is evolved as 
hydrocarbons. .When fully annealed, the carbon is left, on 
dissolution of the steel in the same acids, in a form apparently 
c.ombined with iron as a carbide, correspoiidiiig witl> the formula 
Ee;,C. llardened steel that has been “ tempered or “ let 
down,” or steel that has been imperfectly hardened containa 
carbon iji both forms.* The distinction, jilready mentioned, haa 
thus arisen betw(^<l hardening carbon and cement carbon. The 
former appears to form .with the steel a solidified solution, while 
the latter is diffused through the metal as grey -scales, both 
conditions being recognisable in the fracture of the meWil. 

The mixture of Fe;,C (cementite) and pure iron (ferrite) is 

* These tigiirea are only of limited Kigniticaufo, because^ it lias been fourtlrl 
that prolonged exposure to a lower lemperalure will ])roduce the same- 
colour as will a short exposifre U) a higher temperature. • 
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known pearlite,” and by means of the microscope is seen 
to occur in two forms — the lamellar and the granular. The 
former, made u}) of very thin plates, is found in annealed steel, 
while the granular variety is found in steels which have been 
rehe-^ed to a low temperature. Pearlite appears to be practically 
the sole constituent of unhardened steel containing from 0’8 to 
0*9 per cent, of carbon. The characteristic? constituent of steels 
• quenched from a high temperature is “ Martensite,’' a solid 
solutioTi of (rarbon in iron, which appears under the microscope 
like a system of interlacing fibres. 

Frflm tfie consideration of the above it wdll be seen that the 
constitution of jfteel may be viewed from two distinct stand- 
points, one of which is concerned with the molecular changes 
occurring in the iron itself, while the other has for its object 
the study of the relations of iron to carbon and the other elements. 
These two views are known as the “ alloiropic ” and “ carbon ” 
theories respectively. ' The former, involving the Acceptance of 
three allotropic modifications of iron, has been briefly outlined 
above (p. 216). According to this theory, the evolution of heat 
at the critical points Ary and Ar. is caused by the passage of iron 
from the y to jS and from the fS to a states respectively, any (car- 
bon present being diffused in the different modifications of iron. 
The evolution of heat at Aiq is caused by the combination of 
carbon with a-iron to form FcyC as “ cement carbon,” In the 
•passage of iron from the (3 to a state at the point Ar^ the steel 
becomes magnetic. The cause of hardening is said to be the 
retention by sudden cooling of the hard 7 and ft forms of iron, 
which retention is aided by the presence of carbon. 

The “ carbon ” theory, on the other hand, endeavours to explain 
the afcove phenomena by changes in the condition of the carbon 
alone. Above the critical point Ar^ steel is supposed to consist 
of iron and hardening carbon (possibly as a solid solution). The 
evolution of heat at the point Ar^ is then caused by the passage 
of hardening carbon to the cement state, steel below this point 
consisting of iron and cement carbon combined as Fe.,(.'. I’he 
phenomenon of hardening is ascribed to tlie retention by sudden 
cooling of the carbon in its hardening FiTate. Tlie older carbon 
theory has no explanation to offer with r^^ird to the critical 
points Ary and Ar... Prof. Arnold has, howevau*. since developed 
iC*' sub-carbide” tlieory, which offers a fuller explanation of these 
facts. According to this theory the critical point Ar.j marks tlie 
formation of an intensely hard sub-carbide of iron which 

remains unaltered if the metal to suddenly cooled, and the 
retention of which is tlfe cause of hardening. At the point Ar., 
the evolution of heat is supposed to be Aue to the i:>aF»;a<ie of iron 
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from a plastic to a (Tvstalliiie condition, while at A,r, the sub- 
carbide Fe,/' dissociates with formation of Fe^C. It will be 
noticed that in both the allotropic and carbon theories the lowest 
critical point Ai’i is regarded as due to the formation of Fe^C. 

Both schools of metallurgists agree in regarding carbon^s an 
essential constituent of steel, the properties of which are deter- 
mined by the amount and condition of this elenient ; the “ allo- 
tropists,” however, further contend that the condition of this 
carbon is itself fixed by the allotropic condition of the iron with 
which it occurs. 

The allotropic theory has recently been extended by including 
in it what is known as the solution theory” «vhich affirms that 
carburised iron when fluid is a solution of carbon in iron, and that 
under certain conditions the solidified mass also forms ii solid 
solution, 'rhese solutions obey the ordinary laws of solution, 
which can be used, therefore, to explain both tlie mode of solidi- 
fication and* the molecular changes that ‘take place after solidi- 
fication. The full development of the theory is too abstruse a 
subject to be dealt with in these pages. 

The following are the most important constituents of steel, 
which have been recognised chiefly by means of the microscope : — 

Ferrite, or jiure iron, occurs in Iri morph ic crystals with poly- 
gonal or rounded boundary lines produced by tli(‘ interference 
of cubes or octahedra forming from a series of centres. 

Pearlite is a definite mixture of metallic iron and iron carbide 
Fe.jC (cementite) forming the eutectoid. It contains 0*89 per 
<!ent.’ of carbon or 13 per cent, of Fe.jC, the carbon being inole- 
cularly associated with only about 12 per cent, of the iron, 87 per 
cent, of the latter being in the free state. 

Hardenite. — According to Arnold, this also contains 0‘iJ9 per 
cent, of carbon, but in this case it is associated with 1)9 j)or cent, 
of the iron. It is found in quenched steels. 

Austenite is a solid solution of carbon in /-iron, and is produced 
by quenching steels above the Ar.^-.j-i changes. 

Martensite is a solid solution of carbon in ,3-iron, and is ])ro- 
duced by quenching steels just below the Arj change. 

Troostite is considered to be a solid solution of carbon in «-iron. 
and produced by (^enching steels just below the Ar.j change. 

Sorbite is an emulsified form of pearlite, in which the cementite 
(Fe-iC) has not had time to segregate. It is formed by rapkl'ly 
cooling steel immediately below the Arj change. a 

Suiphide of iron is described by Arnold as occurring in masses 
or as a mesh work in mangabese-free steel. 

* Sulphide of manganese is frequently present in steels as globules 
or cigar-shjiped masses Gf a dull grey colour. 
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Phosphide of iron was observed by Stead in 19(K), and with 
free iron forms an eutectic similar to pearlito. 

Silicate of manganese is often present in steels, sometimes visil)le 
to the naked eye, and at other times only under the microscope. 

Oxide of iron is often present in commercial steels. 

It ^as been already mentioned that elements other than 
carbon influence both the number and position of the critical 
points of iron, and they will also iiifluence the corresponding 
changes in the allotro})ic forms of the iron. Thus, iron contain- 
ing small proportions of manganese shows a retardation at a 
point •rathtr below the point, of arrest for carbon steel and 
when the (piantjf;)' is incr<‘ased to 7 per cent, a material 
(manganese steel) is obtained in wliich tlu* iron appears^ 
to exist in the y condition and to be consequently hard. Man- 
ganese steel, which is the name applied to alloys of iron and 
manganese containing 7 to M per cent. Mn, is extremely tough 
and hard, on wliich account it has found but fi‘w iipplications, 
as it cannot be worked in th<^ same way as hard (‘arbon steel by 
annealing, machining, and re-hardening. Manganese steel contain- 
ing 12 to M per cent. i\In possesses, however, thi‘ peculiar advan- 
tage of being softened and toughened by the following treatment : — 
When heated to 990'' y) 1,090 ' C., and plunged into cold water, it 
becomes sufliciently soft to be machined. Hardness may then be 
restored by reheating to a bright red and cooling in air. Man- 
^ganese steel is non-magnetic, has a high electrical resistance, and 
a low coeflicient of expansion : it has a high tensile strength and 
elongation, is self-hardening, and is largely used for making su(‘h 
things as jaws of rock br<‘a.k(‘rs, dredger biick(‘ts, and switches 
a-nd crossings, where both hardness and toughness are necessary. 

'riK^influence of nickel is somewhat similar to that of rnan- 
ganes(' on steel, in that small proportions, up to 5 per cent., 
increase the hardness and toughness of the product, a.nd larger 
proportions, 21 piT cent, and over, form with th(‘ iron an alloy of 
characteristic properties. Thus, nickel stcjel with 21 per cent, of 
nickel is non-magnetic at tlie ordinary temperature, and is, ther(‘- 
fore, considered to contain iron in the y or state, and has a 
low coelflcicmt of expansion and low elecincal conductivity, but 
becomes magnetic on cooling strongly in a of solid CO. 

and ether (— 79"" C. = — 110" F.). See also under Nickel, p. 27. 

. A brief account of other special steels has been given in ^ 
Chapter I. (p. 21). With regard to chromium steel, it may be 
remarked that in small quantities this element slightly raises the 
tensile strength of stee^ and in lai^e quantities the brittleness, 
both effects being modi^ed by the amount of carbon present. • 
Steel for projectiles usually contains 2 to^ per cent. and 1 per 
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cent, carbon. Steel containing both nickel (2 per cent.) and 
chromium (1 per cent.) with about 0*4 per cent. carBon is also 
used for armour-piercing shells. The nickel toughens while the 
chromium and carbon harden the steel. 

Tungsten and molybdenum steels are used for self-hardening 
cutting tools and for magnets. These elements prevent the aijften- 
ing effect of the increase of temperature of the tool. The wearing 
properties of ordinary tool steel are improved by the addition of 
a small percentage of tungsten, while a first-class tool steel may 
' contain 7 per cent, tungsten and 1 per cent, carbon. Mushet steel 
contains 5 to 8 per cent, tungsten and about 2 per cQpt. carbon. 

Special alloy steels, known as air-hardening steels and high- 
speed tool steels, which are revolutionising our machine shops, 
contain alloys of tungsten-chromium, or chromium molybdenum, 
and are largely made in the crucible by melting suitable mixtures. 
The resistance of these steels increases with rise of temperature. 
They contaip from 0*75 to 3 per cent. Cr, 4 to 8 per cent. W, 
and 4 per cent. Mo, the latter being used for working hard steel. 
The carbon is usually less than 1 per cent. 

' Vanadium exerts a more powerful influence on steel than any 
of the above metals. Its effect is similar to that of nickel in 
increasing the tensile strength and elastic limit, but is much more 
efficient, 0*2 per cent, producing the same effect as 3 to 4 per cent. 
Ni. It is supposed that vanadium prevents segregation, and 
promotes the uniform distribution of carbon by forming a double 
■carbide of iron and vanadium, and in this way removes a cause 
of brittleness due to vibration. Much of the success of the motor 
industry is due to the use of these special alloy steals for parts 
subject to vibratory and alternating stresses. The addition of 
aluminium to steel to produce soundness in the ingots has already 
been noticed (pp, 21, 207). 

Attention has recently been drawn to the influence of titanium 
on steel, more especially on steel rails. The addition in the 
ladle, after ferromanganese or ferrosilicon, of 0*5 to TO per cent, 
ferrotitanium (containing 10 to 15 per cent. Ti) is said greatly 
to improve the quality of the steel. It probably does this by 
combining with the la,st traces of oxygen and also with any 
nitrogen in the fteg), thus making it more homogeneous. The 
tensile strength of^uch a steel is stated to be from GO to 75 per 
cent, higher than that of ordinary Bessemer steel (see p. 207).^,. 

The ferro-alloys used for introducing these foreign elements are 
produced in the blast furnace by the reduction of ore.^ rich in 
thes» elements (p. 191). Th^ electric furnace is used also now 
V for this purpose. ,, 

The grades of ordinary carbon steel most generally used, range 
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form 0-2 per ceht. C (practically an ingot iron) to 1 ’5 per cent. C 
fa][razor ste^l). Thus, boiler plates, ship plates, and bridge mem- 
bers will contain 0*2 per cent. ; rails, 0*35 to 0*45 per cent. ; tyres 
and guns, about 0‘5 per cent. ; armour plates, 0 7 to 0’8 per cent. ; 
projectiles, 0*8 to 1 0 per cent. : tool steel, 1 to 1*2 per cent. ; razor 
steel, %5 per cent. ; and draw-plate steel, 2 to 3 per cent. C. The 
simultaneous presence of 0*5 per cent. Mn may be taken as raising 
the grade of steel equivalently to an additional 0*1 per cent. C. 

* Apart from the effect on steel of the condition of the iron and 
of the carbon, is the influence of the actual crystalline structure 
of th^ met#l. Other things being equal, a steel with a coarse 
crystalline structiye is weaker than a steel with a fine structure. 
Overheating steel, or heating it considerably above its critical 
point, causes it to assume a coarse structure whatever the rat(j 
of cooling. This crystalline structure can be broken down by 
forging the hot steel, a plan adopted for heavy guns. 

The mechanical effect of hardening steel is show^i (1) by its 
change in specific gravity — e.^., 7*9 before hardemng, and 7*(i 
afterwards — the dilatation being about 5 per cent. ; (2) by its 
increase in tensile strength — e.g., for a steel containing 0*8 per 
cent. C, 64 tons per square inch when hardened, in place of 44 
tons when unhardened ; (3) decrease of ductility — for the same 
steel, an extension of § per cent, of its length when unhardened, 
and 1 per cent, when hardened. The same effect on tensile strength 
^and ductility that is produced by hardening (quenching) can be 
obtained by subjecting the metal to severe mechanical stress, such 
as occurs in wire drawing. Steel wire, although not hardened by 
quenching, may have a tensile strength exceeding that of steel of 
the same grade that has been purposely hardened. This hardness, 
like that due to quenching, is removed by annealing. 

The^influence of impurities on steel has been referred to the 
relation between the atomic volume of iron and that of its asso- 
ciated elements. The following table shows that the ordinary 
impurities may be divided into two groups, according as their 
atomic volume is below or above that of iron (7*2) : — 
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The elements in tli(‘ first series are believed to favour the ret len- 
tioii of iron in the 3 state, and tend to the production of a Insird 
metal ; those in the second series are supposed to hinder /the 
formation of iron, and v’ield a soft(*r, more du(dil(‘- mate, rial. 
This view is not strictly in accord with tin; known influen();e of 
several of the elements in series [ 1 ., notably S and V (r..<?.)/?r' 

\ 

ELECTROMETALLURGY OF IRON AND STEEL. ^ 

Electric enerjzy ha.s many advantages for th(^ supply of .h('ai 
in such metallurgical operations as are carried out on mo^.ierate 
scale, the more obvious of them being its readin(^ss of trlansit. 
control, application, the absence of ash, dust, and smoke, a jid the 
wide range of temperature which is possible. Th(‘ early yir .ogress 
in the electrometallurgical production of iron and ste el was 
slow, probablv because the elTorts of the pioneers were d*arected 
amisk In tlie first place, it is well to distinguish clearly b(l‘tw(‘(‘n 
(1) electric reduction of iron ores, and (2) electric refiniiag, or 
production of steel and ferro-alloys. I he ambition of the pic.ineeis 
was to smelt iron electrically from its ores, ^lliis can and has 
been accomplished, but it is usually more costly than tlue pro- 
duction of steel and allovs of iron by electrical means, usfing as 
raw material the ordinary products of the blast furnace, inasnnuch 
as electrical energv is commonly dearer than energy obtained 
direct from fuel. Electric pro(*esses must necessarily be 4a)n- 
sidered in competilioii with existing methods. The blast fnri.iac(‘ 
effects th<‘, reciuired reduction of the ore in a simple rnaiotier. 
Moreover, especmlly with the modern tendency to utilisc-anhe 
waste gases, it is a fairly efheient thermal device, and as it »uses 
fuel direct instead of in a round-about electrical manner, it is 
diflundt to displace except in those places where fuel is ext ra- 
vaf^antly dear, whereas in the conversion of eheay) pig iron into 
hijTh-pi’*^^^^ alloys the cost of energy necessairy 

for the process is not so large a part of tlu^ total cost as to makj(‘ 
electrical methods impracticable. 

The conditions in this country arc such that the eleitric furnac(* 
cannot compete with tjie blast furna(:(‘, and tin' direct smelting; 
of iron ore is of practical importance than in countries like 
Sweden and Canada, which possess large ore deposits, cheap 
water power, and in which fuel is comparatively dear. , , 

Electric Smelting of Iron Ores.— The simplest form of furnace 
for this purpose is vat-shaped with a carbon block built into tin' 
sole Of the furnace, and an adjustable vertical electrode suspended 
‘ above the top of the furnace by suitabje gear. The ore mixed 
with the necessarv amount of reducing agent and siiitablc fluxes 
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is fed into the furnace at the top, and an arc is struck between 
the two electrodes. The mixture gradually melts and forms a 
fused bath, the resistance of which gives rise to sufficient heat 
to effect the reduction and fusion of the metallic iron. The 
upper ^lectrode is gradually raised as the iron collects, and the 
latter is tapped at intervals. A modified form of furnace of 
this type has been designed by Messrs. Keller & Co., whose 
process, as carried out at Livet, was reported on favourably by 
the Commission appointed by the Canadian Government in 
1004. Under certain favourable conditions as to cost of electric 
energy* pig ^roii of all grades can be produced commercially 
at quite a reasonallle cost in this furnace, a diagrammatic figure 
of which is shown in Fig. 19. 

It consists, preferably, of four hearths arranged in two pairs, 
in series, the members of each pair being in parallel, and grouped 
in such a way that as the metal is reduced it collects in a central 
well, where it is kept hot by a subsidiary electrode. By the 
insertion of carbon blocks into the sole of each furnace, and 
connected by copper bars, an alternative path for the current is 
provided to act as a shunt when the hearths are in turn emptied, 
thus enabling the furnace to be worked continuously without 
very greatly varying the load on the alternator. 

In 1906 the Canadian Commission carried out experiments at 
Sault Ste. Marie, Ontario, to ascertain whether Canadian mag- 
netites and certain ores existing in large quantities and con- 
taining considerable quantities of sulphur, but no manganese, 
could be smelted to produce high-class pig iron ; also if charcoal 
and pciit-coke could be used as the reducing agent. The ex- 
periments showed that such ores can be readily smelted, .that 
low suljrfiur pig iron can be obtained from high sulphur ores, and 
that charcoal, even of inferior quality, can be satisfactorily used 
as a reducing agent without briquetting. Moreover, a pig iron 
of good quality containing only 0*40 per cent, titanium can be 
obtained from titaniferous iron ores containing as much as 
17 per cent. TiO.,. This last point is very important, as it makes 
available all the titaniferous iron sands of the St. Lawrence 
district and of New Zealand, which are qidt^nsuitable for use 
in the blast furnace. The recommendations ifiitfie auove report 
haVe been made use of in the design of the Swedish furnace by 
Me9!^s. Grbnwall & Liudblad, of Ludvika (The Electro Metal 
Company)^ an installation of which is now being built in Norway 
for the electric production of pig iron. The furnace is shown in 
section in Fig. 20. • - * 

It is really a combinatTon blast funiace and electric furnace 
design. A vertical shaft supported on 00)^1 mns is supeiimposed 

. 15 







Fig. 20. — Swedish electric smelting furnace. 
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of free spuce between the charge and the arched rooV, through 
which the three carbon electrodes (one of which is shown) project 
into the charge. The gaseous products of reaction leave tln^ 
furnace at the top, and are blown back through tuyeres into 
the lower smelting chamber, the object being to cool the roof of 
the furnace chamber above the electrodes. It is essential to keep 
this brickwork as cool as possible, otherwise it is destroyed and 
becomes a conductor of electricity, giving rise to a short circuit. 
The ore, fuel, and flux, crushed to a suitable size, are fed througli 
a hopper, the ore being partially reduced by tlie carbon mon- 
oxide rising througli the charge, and redui-tion completed in 
the smelting chamber. No air is used in the ‘process, and tlie 
gases are produced from the carbon in the fuel, and the oxygim 
in the ores ; — 


PcO -I- (.: Fr !- UO. 

The temperature of the esctaping gases is geiuu'ally low, and 
they contain CO^, (8 to 11 per cent.), CO (10 to f)0 p(‘]’ cent.), 
and steam, but no nitrogen. 

A somewhat similar electric pig-iron fiirnact‘ is being used 
by the Noble Electric Steel Company in California. 

The Stassano furnace is one of the oldest of the elei'tric furnace.s 
for the smelting of iron ores. It is an arc furnaci^ in which 
the necessary heat is obtained by direct radiation from th(v 
arc, and from the roof and sides of the furnace. 

A modem form of the furnace is illustrated iu the ac,coinpauyiiig 
diagrams. It rotates on an axis inclined about 7^ to the vertical, 
in order to give a mixing action to the molten materials on the 
Inearth, and is hermetically closed to ensure a neutral atmosphere. 
The three carbon electrodes, which are water-cooled, are supplied 
with three-phase alternating current, and revolve with the hearth, 
the electrical contacts being arranged for by sliding brushes. 
The furnace is lined with magnesite blocks. Only the very 
purest haematites, such as exist in Northern Italy (where the 
process is worked), are smelted, and these are ground very fine, 
and made into briquettes with carefully adjusted proportions of 
carbon and flux, ^ne reduction is effeeded entirely by the solid 
carbon. It is claimed that by adjusting the proportions of pur(‘ 
ore, carbon and flux, steel of any required grade can be produced 
direct from the ore. In its present form the furnace is unsuitable 
for smelting impure ores, but it is being used successfully for 
refining purposes. ^ 

As regards the energy required for electric smelting, experi- 
mei\ts hav3 shown thaC a ton of pig can be psoduced with 
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a consumption of about 1,700 kilowatt hours. Apart fioin the 
question of energy, the electric-smelting furnace has certain 
distinct advantages. Thus, whereas the blast furnace must be 
large, generally 90 feet in height, electric furnaces may be very 




much Waller. Consequently, repairs are more easily effected, 
and it is not such a serious matter if the charge is not correct, 
or if the furnace has -ft) be shut down ; moreover, regulation of. 
the temperature is mor^ easy. 
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ELECTRIC REFINING PROCESSES— PRODUCTION OF 
STEEL. 

These processes are not really electric; ; electricity is used in 
them solely as a source of heat, and the purification is brought 
about by the same means to which we have become accustomed 
in the puddling Bessemer and open-hearth processes. In fact, 
for all practical purposes the electric furnace is a closed basic 
“ open-hearth furnace, in which the temperature is much 
higher, and which possesses the great advantage that the heat 
can be supplied without the simultaneous introduction of o^jrj’gen. 
Carbon, silicon, and phosphorus are removed chiefly by oxida- 
tion wdth iron oxide, and sulphur is removed ill part as sulphide 
of manganese, which distributes itself between metal and slag, 
and partly as calcium sulphide, which apparently passes entirely 
into the slag. Electric furnaces are of great variety of size 
and form, but they may be classified conveniently under three 
heads — (1) arc furnaces, (2) resistance furnaces, and (3) induction 
furnaces. 

Arc Furnaces. — The best known furnace of this type is the 
Stassano furnace, which we have already described (p. 228). 
When used for the manufacture of steel from a mixture of pig 
iron and scrap, iron ore is added in the usual way to oxidise the 
impurities, and lime to form a basic slag. The furnace is also 
largely used for refining steel from the Bessemer or other process. 

Resistance Furnaces. — This is the type of furnace most com- ' 
monly employed, in which the heat is produced by the resistance 
to the passage of the current which is offered by the substance 
which is to be heated. A familiar example of this type of furnace 
is that introduced by Heroult, and which has been in successful 
operation for several years at La Praz in France, Kortfors in 
Sweden, in Canada, and elsewhere. The construction of the 
furnace may be seen from Fig. 23. 

Essentially it is a tilting furnace, very similar to that of Well- 
man (q.v.), through the arched roof of which two Targe water- 
jacketed carbon electrodes depend. The current passes from 
one of these through a short air gap, to the bath of metal, and 
from the bath of m^af through a second short gap to the other 
electrode, and can*%e regulated either by adjusting the position 
of the electrodes by hand or automatically, according to fhp 
variation of voltage between each electrode and the bath. The 
furnace is, as usual, basic-lined, and the section of the roof between 
the electrodes is commonly made of bronze, in order that no 
magnetic circuit may surround them. Af La Praz an alternating 
current of 4,000 amperes and 110 volts is used. The furnace is 
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especially useful for converting common steel scrap of average 
quality iiuo steel of the highest quality. In a roctent paper on 
“ Electric Smelting '' read before the West of Scotland Iron and 
Steel Institute, F. W. Harbord thus describes the method of 
working : — “ Miscellaneous scrap, with some lime, is charged on 
the furnace hearth, and as the charge melts, further additions of 
scrap and lime are made, a little pure iron ore being added when 
the metal is entirely melted. After the bath has been molten 
for some time the furnace is tilted, the slag poured off, and finally 
raked off the surface, until practically nothing but metal remains 
in th^ furnace. A new slag is now formed by suitable additions 
of ore and lime ; this is melted and kept in the furnace for some 
time, when it is femoved in the same way as the lirst slag, and a 
third slag formed to remove the last traces of impurity. Ferro- 
silicon and ferromanganese in the case of low carbon steels is 


A A, Working doors. 

B C, Magnesite bottom. 

E, Entering electrode. 

F, Exit electrode. 

G, Molten slag. • 
H; Molten metal. 

J, Pouring spout. 

‘ K L, Trunnions. 

M N, Outer brickwork. 



now added, and the metal is ready for pouring into the ladle, 
and teeming into the ingot mould. When high carbon steel is 
required at the end of the operation, ‘ carburite/ a mixture of 
pure iron and carbon, is added in the furnace in such quantity 
as to give' the percentage of carbon required in the finished 
steel.” 

The Keller steel furnace differs from the Heroult furnace only 
in mechanical details. The process is pr^(%ica^ the same. 

More recent examples of resistance furimces are the Girod 
aud Giffre furnaces, which may be described as .bottom-electrode 
furnaces. The former, which is being used successfully at the 
Ochler *Works, Aaran, Switzerland, is a tilting furnace very 
similar in construction to the Heroult furnace (see Fig. 23). The 
two electrodes passing through tte roof are, however, of like 
polarity, while the moften metal, which is in contact with soft 



METALLURGY. 


steel pole pieces embedded in the hearth, forms the uefjative 
electrode. 

The lower ends of the negative pole pieces arc water-cooled. 
The usual charge consists of steel and cast-iron scrap and turnirigs 
with some pig iron, lime being also added as a flux, l^he i har- 
acteristic feature of the Giffre furmu^e, an illustration o^whhjh 
is given, is that only one of the electrodes passes through the roof 
of the furnace into the hearth, the other electrode being con- 
tained in a separate chamber built on to the main body of the 
furnace, the electrical ( onnection being nuiintained by a. iiiirrow 



Fig. *24. — (iiffre furnace. 

A, Molten steel ; B, u}ijier electrode ; 

C, molten steel connecting with 
lower electrode ; D, iowtT tiwtrode. 

. '' 

channel of molten metal The furnace would, therefore, appear 
to be structurally stronger than the Heroult type, and to be 
practically free from any danger of short circuiting between the 
electrodes. It is being successfully used for the manufaf;ture 
of low carbon ferro-alloys. 

Overhead electrode furnaces of the Heroult type have the 


Fig. 25.— (iirod furnace. 

A, Molten metal ; B, upper electrode ; 
0, lower electrode. 
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defect of having violent fluctuations of current owing to short- 
circuiting^ abrupt making and breaking of the current, caused 
by the settling of the charge during the melting-down stage. 
From this defect the bottom electrode furiuices are nearlv free. 



Fig. 27. — (liii clcHtric furnace (Vertical s^clion). 


Gustave Gin has patented a resistance furnace for the ])roductioi 
of steel which, though at present not worked on a large com 
mercial scale, shows so much of ftiterest that a description wil 
not be out of place. 
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The charge is contained in a channel, A, in a refractor}’ lining,, 
and constitutes a resistance through which the current Hows 
from the terminals B B (see Fig. 26). A vertical section is 
shown in Fig. 27. The terminals are water-cooled, the connection 
being shown at E F (Fig. 27). Fused pig is run in at 11, and 
scrap or ore may be added ; tapping takes place at K. Tlic^^vhole 
arrangement is similar to an open-hearth gas-Hred furnace, 
except that the licating is electrical, and is applied direct to the 
charge, and boxed in by the roof, instead of being produced in 
the vault of the furnace, and reflected from the roof on to the 
charge. 

Induction furnaces differ from all otliers in being destitute of 
electrodes. Briefly, tlmy arc transformers. The current sup])lied 
to the primary of many turns is converted into heat in the second- 
ar}% which has a single turn, and consists of the steel to be heated. 
The best known examples of this type are the Kjellinjind the 
Roechling-Rodenhauser furnaces, the construction of wliich is 
shown in Fi^s. 28 and 29. The latter has, in addition to the 
induced current, a current' passed through the metal from elec- 
trodes buried in the walls, and may, therefore, be regarded as 
a combination of an induction and resistance furnace. In the 
‘case of the Kjellin furnace (Fig. 28) the materials to be 
heated are placed in a chamber in the lorm of a ring, A A, 
contained in a furnace of refractory firebrick. In the centre of 
this ring-shaped furnace is one end of a rectangular armature 
of soft iron, C, the other parts of which surround the ring in such 
a manner as to form a link with it. A current of 3,000 volts 
and 90 amperes is used to excite the armature, and at each 
reversal a corresponding current of low potential (about 7 volts 
and 3,000 amperes) passes, by induction, through the materials 
in the ring. These, in consequence, become strongly heated, 
owing to their resistance, and it is possible to produce steel with 
any desired content of carbon by the use of steel scrap, iron ore, 
and the necessary addition of ferro-manganese or ferro-silicon. 
Since there is practically no elimination of impurities during 
the process, calculated proportions of high-class materials only 
can be used. The disadvantages of this type of furnace are 
that, in view of the n&frow ring channel, it is difficult to maintain 
basic slags sufficieifMy hot and fluid to do the necessary work, 
and, further, that the power factor of these furnaces is always^ 
low. These disadvantages are said to have been largely 
overcome in the Roechling-Rodenhauser furnace, in wliich the 
molten mass is subjected to ^ double heating effect, one direct 
oby induction, and the other from the currents passing between 
opposite sets of electrodes. *In the illustration appended (Fig. 29) 
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the smeltijig troughs B are seen to run together to form a wide 
central hearth, A. The protecting walls which surround this 
central hearth are built up of magnesia, or dolomite, and con- 
duct very well at high temperatures. Behind the protecting 
walls are pole plates connected to the secondary circuit of the 
trans4)rmer, and from these pole plates currents (low through the 



Fig. 28.— Kjellin induction furnace. 

A, A, Circular trough in which steel is melted and treated ; C, magnetic 
core; 1), primary coil; E, frame connecting ends of C; F, cover for 
melting chamber ; G, spout. « 



Fig. 29. — ^Roechling-Rodenhauscr ind’^ction furnace. 

A, Basin for molten steel; B, three narrow channel^ fR which steel lies; C, 
three cores and coils for inducing current in the steel. 

fused metal contained in the wide portion of the hearth. The 
latest fdrm of this furnace, which is.ii tilting furnace of 15 tons 
capacity, is operated by three-phase current with a frequency 
of 50 periods. It is being used principally for refining Bessemer, 
or open-hearth steel. * 


236 


METALLURGY. 


V’arious modifi(^ations of the Kjellin furnace have been recently 
introduced, hut these involve no new principle. The essential 
feature of the Frick furnace, for instance, is the placing of the 
winding of the primary circuit above the secondary — i.e., Jibove 
the smelting hearth — while the Hiorth furnace is a double hearth 
induction furnace specially designed for continuous working. 
The Kjellin furnace has been in successful operation at Oysinge, 
Sweden, since 19(X). A Frick furnace is in use at the Krupp 
Works, Essen. At the time of writing there are operating or' 
in (;onstruction in this country three furnaces of the Kjellin 
type, two of the Frick type, and one lleroult furnace 

In regard to the chemical reactions which take place in the 
electric; furnace, the complete remov'al of phosphorus is effected 
by the slightly oxidising slag combined with its high basicity 
and fluidity. The complete removal of sulphur is not so easily 
explained. The latter depends ultimately on the formation of 
calcium sulphide, and is facilitated by a reducing atmosphere. 
In an oxidising atmosphere calcium sulphate is liable to be 
formed, when the sulphur may pass back again into the metal 
according to the equation — 

CaS04 -f- 4Fc FeS -j- 3Fe() -f CaiX 

The slag, also, should be highly basic and free from oxide of iron. 
According to Osann, the latter prevents desulphurisation, because 
of the exothermic reaction — ' 

ViiO :■ CaS FcH -|- (,V(). 

Dr. Geilenkirchen explains the removal of sulphur in the lleroult 
furnace as due to the action of calcium carbide formed^ in the 
slag, which, by its reducing action, first deoxidises the metal 
and reduces the oxides in the slag, and then removes the 
sulphur according to the reaction — 

2Ca() -f 2FcS 2C - 2Ca.S -}- 2Fc -f 2(:(). 

This explanation is inadequate for induction furnaces in 
which calcium carbid^i ^'annot be formed, although the removal 
of sulphur is ecjup'lly effected. For the complete removal of 
sulphur the addition of some powerful reducing agent seenis 
necessary. This, of course, is only possible after tlie removal 
of the phosphoric slag, as otherwise tlie phosphorus \Vould be 
reduced and pass into the metal. Prof. Osann’s investigations 
led to the adoption of ferro-silicon as the reducing agent, which is 
added after removal of the phosphorus. The use of ferro-silicon 
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lias the advantage that its oxidation at the expense of the oxide 
of iron produces considerable heat, and raises the temperature 
of the hearth. 

With regard to the energy required for the production of electric 
steel, it may be assumed that, starting with a cold charge, 800 to 
1,000 l^ilowatt hours is required per ton of steel, while if molten 
metal is used only about 200 kilowatt hours, or* even less, is 
required per ton. At present it appears that the true province 
of the electric furnace is not the manufacture of vast quantities 
of cheap material, but to supplement the work of the convertor 
and dpen-l^arth furnace, and to replace the crucible furnacje 
in the production «f smaller quantities of steel of the very highest 
grade, of special steel, and iron alloys. 

The production of ferro-chrome, ferro-silicon, and of many 
other special alloys of iron by aid of the electric furnace has now 
become widely extended and successful branch of electro- 
metallurgy. Of these manufactures, ferro-silicon and ^grro-ch^om(^ 
'are the most important. Ferro-silicon containing up to 10 or 
15 per cent, silicon can be made in the blast furnace, but for the 
higW grades which are difficultly fusible the use of the electric 
furnace is essential. The blast furnace limit for ferro-chrorne isi 
about 40 per cent, chromium. Ferro-silicon is made by reducing 
a good haematite ore mixed with silica, with carbon in a smotlnTcd 
arc furnace, or by heating together scrap iron, silica, and carbon. 
•Ferro-chrome is made by reducing chrome iron ore with ('arbon, 
just as in the production of pig iron, except that a much higher 
temperature is necessary. Ferro-titanium is produced by Rossi 
by heating mixtures of titanic ore, aluminium, and scrap iron 
in suitable proportions in an electric furnace. Several firms now 
specialise in low carbon ferro-alloys, but the details of the processes 
are kept secret. The Giffre furnace is reported to be parth'ularly 
successful for this purpose. 

Ferro-manganese is considered under manganese [q,v.). I’ln^ 
following analyses represent modern ferro-alloys as made in the 
electric furnace (P. Girod, Faraday Society, June, 1910) : — 

Ferro •vanadium. Ferro-mohjbdemim. 


V, 


50-00 

35-00 

Mo, 

c. 


3-20 

1-00 

c. 

Si, 


0-40 

0-12 

Si, 

Af, 


0-20 

0-12 

Mn, 

Mn, 


0-60 

0-12 

P, 

s, 

P, 


0-05 

0*50 

j 0-03 


Fe, 


45-05 

• 63-61 

• 



^ 100-00 

foo-oo 

I 


77 ■.')(> 

()-40 

0*40 

()'04 

0-03 


lOO-QO* 
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Ferro-Uitigsten. 



Ferro-chromirm. 


w, 

. 83-000 

73-000 

Cr, 

. 64-50 

63-50 

Fe, 

. 15-500 

19-000 

Fe, 

. 22-00 

35-00 


. 0-600 

3-500 

c, 

9-50 

0-60 

Si, 

. 0-400 

0-400 

Si, 

2-25 

0-20 

Mn, 

. 0-200 

3-500 

Al, 

0-80 

0-10 

Ca, 

. 0-151 

trace 

. Mn, 

0-15 

0-10 

A«i, 

. . ' 0-100 

0-100 

Ca, 

0-25 

0-35 

Sn, 

. . 0-050 

0-100 


0-04 

0-03 

S, 

. 0-040 

0-050 

P, 

0-03 

0-02 

P, 

. 0-015 

0-030 





100-056 

99-()80 


99-52 

99-90 


FerrO‘Silicon. 


Silico-Calcium-Alnmin inm. 

Si, 

. 30-50 

88-50 

Si, 


55-00 

Fe, ' 

()8*00 

0-30 

Ca, 


22-00 

Mn, 

0-35 

0-15 

Fe, 


15-00 

Al, 

0-10 

0-15 

Al, 


5-00 

Ca, 

0-30 

1-20 

c; 


1-25 

Mg, 

0-10 

0-.30 

Mg, 


-35 

c. 

0-35 

0-25 

Mn, 


•22 

s. 

0-02 

0-15 



-07 

p, 

0-04 

0-03 

P, 


-03 


00-76 

100-03 



98-92 


For further information on the subject of the electro-metallurgy 
of iron and steel, the reader is referred to Mr. F. W. Harbord’s » 
paper, which we have already quoted, “ Electric Smelting,'' 
Journ. West of Scotland Iron and Steel Institute^ 1909. 

Frequent papers also appear in the following journals : — Journ. 
of the Iron and Steel Institute; Trans, of the Faraday Society; 
Trans, of the American Electrochemical Society ; Mineral Industry. 

COPPEE. 

The following are the chief sources of copper : — 

Native Copper. — Considerable masses of metallic copper occur 
native in the neighbourhood of Lake Superior. In other districts 
— e.g., in Cornwall — it is found in veins distributed, in crystalline 
form, through granites and other rocks. Copper sand containing 
60 to 80 per cent, 'c^ copper, the balance being quartz, is found in 
Chili, and is knQ,wn as “ copper barilla." It constitutes a minor 
source of copper. 

Red Copper Ore. — Pure specimens of this mineral '{cuprite) 
have the composition CuoO. It is found in Cornwall, but the 
, quantity is small compared wJth that of the sulphide ores. Black 
oxide of copper (CuO) (tenorite) is also fcjund in slight amount. 

C^bonatdS of Cop^r, containing various proportions of 
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'opper h>Mroxide and copper carbonate, are found as malachite, 
^uCO.^ . Cu(OH)^, and blue 'malachite ovazurite^ 2CuCO.^ . Cu(()il)o. 
The most noteworthy deposits of these minerals are tliose jit 
Burra-Burra in Australia. 

Copper Pyrites (Chalcopyrite), — This is one of tlio most 
ibunAant of copper ores. Pure specimens have the com|)osi- 
bion CugS . Fe.^So, but the ores which are worked contain a certain 
amount of gangue and generally an excess of sulphide of iron, 
and are frequently associated with arsenic. Indeed, iron })yrites 
containing copper (see Ma'nufacture of Vitriol, Vol. II.), is 
worked fof the copper which it contains. 

A variety richer in cuprous sulphide than is ordinary (■o]>p(‘r 
pyrites, corresponding with the formula SCuoS . Fe^S.,. is known 
as peacock copper from its variegated colours. 

Copper Glance. — This ore corresponds with the formula ('u.^S 
(cuprous sulphide). It is found in Cornwall, and occurs in 
Siberia, Saxony, and elsewhere. • . 

Grey Copper Ore (Fahl-ore) consists of copper sulphide associ- 
ated with antimony sulphide, its composition being very various. 

Cupriferous Schists, consisting of bituminous shale through 
which copper pyrites and copper glance are disseminated, occui^- 
at Mansfeld. ® 

Copper Oxychloride (Atacamile), OuCl. . 3(^u(0H),„ occurs in 
several copper districts, but most abundantly in Chili and Bolivia. 

WINNING OF COPPER FROM ITS ORES. 

A, DRY PROCESSES.— The following general principles may 
be said to control the dry processes for the extraction of copper 
The i^oduction of copper from its ores differs essentially from 
that of iron by reason of the fact that the chief ores worked 
contain copper as ‘sulphide instead of as oxide, and that sulphur, 
instead of oxygen, is, therefore, the element to be removed. 
Seeing that sulphur, unlike oxygen, cannot be removed by 
reduction with carbon, the formation of CSo being endothermic, 
it must first be eliminated as SOo by an oxidising process, the 
copper being converted into oxide. » ^ ■ r i 

If pure copper sulphides were being worked; reduction of the 
oxide to metal by carbon could be effected at this stage,* just as 
*iron ores are reduced in a blast furnace * but, owing to t. ^e fact 
that iron is a constant constituent, the roasted ore would contain 

* Actually, pure copper sulphide is enable of “ self -reduction (p. 172), 
thus •— Cu,S -h 2CuO -= 4€u + SO.„ so®that complete roasting and reduc- 
tion with carbon is unnecessary ; it is, nevertheless practised in typical 
German proc^ses— e.^., that which is known as the Mansfeld process (v.t.). 



240 


METALLURGY. 


oxides of iron; these would also be reduced, yieldiii/| a mass 
which would prove unmanageable, on account of the infusibilitv 
of the iron. It thus happens tha(t in any process for smelting 
copper from an ore containing copper and iron, the iron must be 
eliminated before the copper can be obtained as metal. In order 
to effect this, advantage is taken of the greater stability of dbpper 
sulphide than that of iron sulphide in an oxidising atmosphere. 

When a mixture of the sulphides of iron and copper is roasted, 
the greater part of the iron is converted into oxide, while the 
bulk of the copper remains as sulphide. Even should these 
reactions be incomplete, in the sense that a portion (5f the^ iron 
remains as sulphide, while a portion of the copper is converted 
into oxide, all the copper may be ultimately obtained as sulphide on 
account of the ease with which oxide of iron and sulphide of copper 
interact. When all the copper has been obtained as sulphide and 
all the iron as oxide, the latter can be removed by suitable; ftiixes. 

Approximately' pure sulphide of copper having been thus 
obtained, it is only necessary to replace a portion of its sulphur 
by oxygen, and to subsequently cause the oxide of copper to 
react with the residual sulphide, thus : — 

" 2Cia) + CugS CCu + ' 

Crude copper differs from most other crude metals, in respect 
of the fact that it can be economically refined by electrolysis 
(v.i.), as well as by ordinary dry methods. 

Although the processes for smelting copper are numerous 
and complicated, they all depend upon the general priindples 
expounded in the foregoing paragraphs. The description of the 
Welsh smelting method will serve as one of a type to which 
others are referable. In this process the following oper^dions 
are usually carried out : — 

1. Calcination. — The object of this depends largely on the 
nature of the ore. In the case of copper pyrites, partial oxida- 
tion of the iron and sulphur and elimination of arsenic and 
antimony, are the chief ends to be attained. 

It is unusual to attempt any method of preliminary concen- 
tration of copper ores, «except when they are very poor (con- 
taining, say, 3 td'"4 per cent. Cu). The loss in the process is 
always very considerable, and it is only in very few cases that 
mechanical concentration is profitable. 

In the Welsh process calcijiation is generally effected in a rever- 
beratory furnace, with a grate small in comparison with the hearth, 
so that the temperature is low enough foe: efficient calcination. 

furnace of this type is shown in Fig. 20. The main reaction 
is the removal of about half the sulphur as SO.,, and the greater 
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part of tbt arsenic as As^Og. Antimony is also partly eliminated. 
The resulting fumes, “ copper smoke,” will contain, besides the 
above constituents, SO,j, evolved from ferrous sulphate, into 
which a portion of the iron sulphide has been oxidised, and 11 F 
from the interaction of the SO.^ with fluor spar (CaFg) present in 
the g^ngue. These fumes are condensed as much as possible, 
and the arsenic recovered. The calcined ore consists essential Iv 
of copper as sulphide with some oxide ; iron as oxide with some 
sulphide ; a portion of the arsenic and antimony as arson iate 
and antimoniate ; and unchanged gangue. Any zinc sulphide 
preseftt is ^jartially oxidised, while galena (PbS) is converted 
to a mixture of ]^ad oxide and sulphate, and, if present in any 
quantity, interferes somewhat with the roasting on account of 
its fusibility. When the SO., is to be used for vitriol making. 



calcination is performed in roasters, from which the fire gases 
are exduded (c.^., muffles), and from which the SO.j can be 
drawn off in a fairly concentrated form. Calcination can also 
be performed by roasting the ore in heaps, constructed essentially 
in the manner of a charcoal heap ; a portion of the sulphur 
distils off and may be collected in hollows left in the heap. When 
poor ores are thus treated it is found that the centre of each 
lump has become richer in copper than it% outer portion ; a con^ 
centration is thus effected by this process, wliich is known as 
“ kernel-roasting.” The substitution of stall! (c/. Coke Manu- 
focture, Vol. II.), for heaps is practised when the utilisation of 
SO 2 is reguired ; the gas is drawn off through flues in the walls 
of the stalls. Narrow vertical kilns, Vith horizontal bars 
stenhofer kilns) down wjiich the or^ is caused to pass, meel 
a current of hot air on i^ way, are also employed when calci 
tion with the jecovery of SOo is desired. 


16 
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The Welsh process is seldom carried out now exactly according 
to the six stages we are attempting to describe, but it has been 
considerably modified from time to time, and among the improve- 
ments which have been introduced may be mentioned modern 
forms' of roasting plant. Such furnaces are either intermittent 
or continuous. The tendency with reverberatory furnaces has 
been to increase their length to 20 or 30 feet, and to keep them 
narrow, while in America a series of furnaces is sometimes arranged 
end to end, the hearth of each being 2 or 3 inches higher than* 
the ore before it. These multiple-hearth furnaces have a larger 
output, and are less costly for labour. Other intermittent 
furnaces possess rotating bodies, and are typifie^d by the Bruckner 
calciner, which is really a reverberatory furnace consisting of 
an iron revolving cylinder lined with firebrick, about 8 feet in 
diameter and 15 to 20 feet long. At one end is a fireplace, and 
at the other end is a dust chamber connected with the jHue and , 
chimney. The cylinder rests on friction rollers, and is rotated 
by gearing placed on the exterior. Continuous roasting furnaces 
may be classified into — (a) Tube furnaces, consisting of revolving 
cylinders slightly inclined ripwards from the fireplace, and similar 
. in principle to the Oxland (;alciner employed for roasting tin ores 
(q.v.). (b) Automatic reverberatory furnaces, based on the same 

principle as the tube furnaces, and possessing very long hearths 
(120 feet upwards). The charge is turned over repeatedly, 
and slowly advanced along the furnace until it is discharged, 
at the end by a series of rabbles or ploughs, which are drawn 
through the furnace by chains or otherwise. These furnaces 
may be either straight or curved (e.y., the “ horse-shoe furnace). 
The O'Hara, Brown, and Pearce turret furnaces are examples of 
this class, (c) Stack Furruices . — The old Gerstenhofer kiln already 
described is an example of this class. The Herreshoff furnace is 
based on a somewhat different principle. It is a circular stack 
furnace about 10 feet diameter and 10 feet high, consisting of 
a steel casing lined with firebrick. The ore travels from top to 
bottom over a series of shelves by means of ploughs attached 
to a central vertical shaft. About 5 tons of ore can be roasted 
in twenty-four hours.^ The ore used contains enough sulphur 
to supply the nef;essary heat once the action is started. 

2. Fusion for Coarse Metal— In this operation the bulk of 
the iron is to be removed as silicate. For this purpose it must 
all be present as a base (vi2., as its oxide), and the residual iron 
sulphide, left by calcination, must, therefore, be converted 
into oxide. As has been ^Iready mentioned, this is to some 
extent effected by the interaction of the copper oxide, obtained 
in calcination, with the iron sulphide^; but, as an auxiliary, 
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copper ovm in which tlie copper is present as oxide are added.* 
The siliceous flux for the removal of the iron is provided ])artly 
by the gangue and partly by the slag from a succeeding operation, 
this slag, inasmuch as it contains about 4 per cent, of copper, 
being too valuable to throw away. The furnace in which the 
fusion t for coarse meibal is conducted is of the reverberatory 
type (see Fig. 31). 

The hearth (from 30 to 40 feet long) is made of brick or of sjuid 
laid on bricks, and, since a high temperature is required, tin* ratio 
of fireplace to hearth area is comparatively large (about 1 : II). 
The f«rnac« shown in the diagram is provided with three teh?- 
scopic steel doul^e-c barging hoppers for ore and one double 
hopper for coal. The firebox is provided with a blast pipe, 
and the ash is removed by cars running on rails. A (b'pression 
in the hearth serves as a collecting well for the fused matte. 
The mixture of calcined sulphide ore and raw oxide oie (about 
2:1) is introduced into the furnace through the ho])})ers, and 
the slag from a succeeding operation (thus workeef uj) lor its 
copper) is thrown in through the side doors. The furnace is 
then closed and the charge brought to fusion, in whicii con- 
dition it is maintained for six to seven hours. The slag is tlnm 
raked out through the doors at the end and back into s.ind 
moulds. 

The matte is drawn: off through a tamping hole into ingot 
moulds. The slag, known as ore furnace slag, consists essiuitially 
of ferrous silicate, and should not contain much above 0*25 per 
cent, of copper ; it is then regarded as “ clean and rejected. 
It is found difficult to obtain clean slags when working with raw 
material containing more than 15 per cent, of copper, and when 
the content falls below 9 per cent, the cost of heating the gangue 
becomes unduly great. The matte or “ coarse metal contains 
from 35 to 39 per cent, of copper, and has a similar composition 
to that of pure copper pyrites, the proportion of iron and sulphur 
having been reduced (see Table, p. 253). 

3. Calcination of Coarse Metal. — The granulated or crushed 
matte is calcined in a reverberatory furnace with a large hearth. 
The effect of this roasting is to substitute oxygen for a portion 
of the sulphur, the main oxidation again tak^^g effect on the 
iron sulphide, as in the original calcination of the sulphide ore. 
Calcination, is sometimes carried out in a Gerstenhofer kiln, siicii 
as has been described on p. 241, so that SO^ can be collected 
and used. The observations made a^ to modern methods of 

* In the event of over-caicination, in.stead of under- calcination having 
taken place, the composition^ of the charge is corrected by the addition of 
sidphide ores instead of oxide ores. * 



2 ^ 



-Eeverberatory melting furnace (Plan). 
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roasting ttie ore in the first stage apply equally well to the cal- 
cination of the coarse metal. 

4. Fusion for Fine Metal, — The calcined coarse metal is fused 
in a reverberatory furnace — which has a depression in tlie bed, 
and is in all respects similar to that used in the fusion for coarse 
metalJ^-with oxidised ores and sometimes with crude copper 
precipitate from wet processes of extraction, and with rich 
» slags from succeeding operations. The added oxidised ore ma^ 
amount to as much as half the weight of the calcined coarse 
metal. The mixture is so x^roportioned that there shall be 
sufficient (fxide of copper to react with the remaining ferrous 
sulphide ,* and eiiK)ugh siliceous matter to flux the oxide of iron 
produced; the resulting matte consists essentially of cuprous 
sulphide, “ white metal, containing about 70 per cent. Cu. 
Should the iron sulphide have been incompletely oxidised, “ blue 
metal containing 50 to 55 per cent. Cu is obtained, and in the 
event of the oxidation by means of the added ores Jiaving been 
pushed further than usual, self-reduction will octmr and “ pimple 
metal, containing about 76 per cent. Cu, will be produced. 
Pimple metal owes its name to its roughened surface, due to the 
escape of SO,, from the metal as it solidifies. A portion of the«i 
copper is present in • the metallic state, frequently having a 
fibrous mossy appearance (moss copper). The copper thus 
separated acts as a solvent for a large portion of such impurities 
• as have persisted up to the present stage-^.g^., As and Sb and 
settles to the bottom of the ingots into which the matte is cast ; 
the upper and purer portions of the ingots are used for the “ best 
selecting process” subsequently described, the lower portions 
going to the roaster (v.r.). The slags from the white metal 
consist§of ferrous silicate, but inasmuch as the charge is rich in 
copper oxide, some copper silicate passes into the slag (metal 
slag containing about 4 per cent, of copper). To recover this 
copper the slag is returned to the furnace for fusion for coarse 
metal, already described. . 

For the production of a 70 per cent. regulus,t two fusions or 
smeltings are necessary, as we have described. Such a regulus 
is converted into “ coarse metal ” in a reverberatory furnace m 
the fifth stage, as described in the next section. In modern 
practice, however, it is customary to run for a jO per cent, regulus 


♦ A further adjustment of the proportion; pay be requisite if it has been 
disturbed by the introduction of crude coj^er precipitate, which may be 
nrovided with the necessary sulphur by t^e addition of sulphide ores. 

+ In America the old terras “ coarse metal,” “ white metal, etc., are not 
used, but the regulus is alwliys called a matte, and its richness is mdicategU 
by the percentage of Cu which it contains. ^ ^ • , 
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which is suitable for treatment in the “ converter /’ <^0110 use of 
which is discussed later, and this may be done either in one stage 
or two, ac(*ording to the richness of the ore. In the older Welsh 
process these smeltings were always carried out in reverberatory 
furnaces in the manner described above, and these are still used 
to a large extent, especially when the ores are in a fine state of 
division. In other cases some form of blast furnace is now 
generally used for smelting, their advantage being a larger, 
output and economy in labour and fuel. There has been a con- 
siderable development in size and method of working smelting 
reverberatory furiuices, their capacity being increased from 12 to 
upwards of 50 tons per twenty-four hours. ^ This increase in 
smelting capacity is not only due to increase in size of the furnaces, 
but to improvements in the method of working, such as rapid 
(■harging of the hot calcined ore, preheating the air by conducting 
it through channels in the brickwork, rapid skimming through 
four doors simultaneously, and tapping after several charges 
have been smelted, tlius keeping the hearth well covered with 
matte. In America, recently, tilting furnaces have been intro- 
duced, similar to the ^^'ellman furnace used in steel making (q.v.). 

As we have indicated, blast-furnace smelting is now largely 
practised, especially for ores in the lump form, or for ores which 
have been converted into a porous mass by a process of “ sintering 
roasting.” The earlier furnaces were built of masonry, and 
were either circular or rectangular in section. The Or ford., 
furnace is of masonry, and is rectangular, being about 10 feet high, 
12 feet long, and 3 feet 6 inches wide, and provided with 14 
twyer openings arranged about 10 inches above the hearth. 
Modern improvements consist in the replacement of the brick 
furnaces by water-jacketed iron furnaces, which are more easily 
constructed, more durable, and simpler to manipulate. The 
larger sizes are nearly always rectangular. Some are entirely 
water-cooled, while others have only the lower portion or bosh 
water-jacketed, tlie upper portion being of masonry, and supported 
on columns as in the ordinary blast furnace used for iron ores. 
Suitable arrangements are made for tapping fused slag and matte. 
The furnaces are from 10 to 30 feet in height, and their smelting 
capacity commonly varies from 100 to 200 tons of ore per twenty- 
four hours witli a consumption of 2J to 3 ewts. of cokg per ton 
of ore. To avoid the rapid destruction of the brickwork of the 
hearth by prolonged contact with the fused slag, it is cy.stomary 
to practise “ outside sep:i^-ation ” of matte and slag — ^.c., the 
liquid material is collected in a separate chamber or “ fore- 
hearth,” which is an iron vessel lined v^ith firebrick and usually 
mounted on wheels, and from which the slag a»>d matte are 
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tapped, ^he blast used in these furnaces rarely exceeds 1 lb. 
pressure, and the air is usually heated before entering the furnace. 

Pyritic Smelting. — In ordinary matte smelting the heat is 
supplied by the combustion of the added fuel ; the atmospheric 
is reducing, and nearly all the sulphur present enters the matte. 
By pyritic smelting is meant the smelting of sulphide ores by 
the heat generated by their own oxidation and without the aid 
of carbonaceous fuel. In this direction great progress has been 
made in recent years. In pyritic smelting, therefore, ores high 
in sulphur are used and an oxidising atmosphere is maintained. 
The ^urnates most suitable are large rectangular water- jacketed 
blast furnaces w^h a larger number of twyers than usual, supply- 
ing a large quantity of hot air ; furnaces with circular hearths 
are also used. In practice it is found advisable to add a small 
quantity of fuel (up to 5 per cent.) to the charge. The addition 
of a siliceous flux is also sometimes necessary. The process is 
particularly applicable to the concentration of mattes. One 
application of the method is to smelt together a mixture of 
pyrites low in copper and siliceous material carrying gold and 
silver, the object being to obtain a matte which contains practic- 
ally the whole of the precious metals, and which is afterward.^ ^ 
treated for their recoyery. 

5. Roasting and Self-Reduction. — In order that self-reduction 
may be brought about, it is necessary to roast a portion of the 
matte to oxide so that it may react upon the remaining cuprous 
sulphide and form metallic copper and SOo, according to the 
equation given above. The ingots of fine metal are placed on 
the hearth of a reverberatory furnace — similar to that used in 
the preceding process, but provided with a greater number of air 
inlets— and slowjy melted down, free access of air being allowed 
and the slag being frequently skimmed off. The molten mass 
soon begins to boil with the escape of SO.^. The air ways are 
closed, the slag skimmed off the surface, and the “ blister copper ” 
run into ingots. The escape of gas from the molten metal renders 
it vesicular and blistered on the surface. It contains about 98 per 
cent. Cu. The slags (roaster slags) result from the combination 
of the oxides of copper and iron with the silica of the furnace 
bed, and contain about 10 per cent, of du. Tiliey are worked up 
in the fusion for fine metal. ^ 

• It will -be seen that the processes hitherto described consist of 
oxidations alternated with reactions between oxides and sul- 
phides, a crude copper being thus detained. In order to effect 
the separation of the products of Jhe reaction between sulphides 
and oxides, in the forp of a matte, a fusion is necessary, any 
remaining ipcides being removed as slag. According to the oldiCf* 
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Welsh Tcverbcratory furnace method, three pairs of ^heso two 
types of process — roasting for oxidation and fusion for reaction — 
are necessary, the last pair (v.s. sub-se(;tion 5) being performed 
in the same furnace, and thus appearing as a single operation. 
In a more modern method of working, however, this last operation 
is actually carried out in two stages, two-thirds of the white 
metal ” charge being first calcined in a continuous tube roaster, 
then mixed with the remaining third part of uncalcined charge 
and the mixture heated in the reverberatory furnace and con- 
verted into coarse copper. When the fourth operation (fusion 
for fine metal) has failed to produce a matte sufficiently pure for 
the final roasting, another pair of operations myst be carried out 
in order to bring the copper up to a grade suitable for refining. 
The product of this extra inserted pair of operations is known 
as “ coarse '' or “black copper,"' and contains about 80 per 
cent, of Cu. It is roasted to blister copper as already de«cribed. 

An alternative method of carrying out this operation is to 
blow air through the molten mass in a converter. This process 
of “ Bessemerising " copper matte is now in general use through- 
out the copper districts of America and in other parts of the world. 
A third method of obtaining copper from copper matte is to 
roast it to oxide and reduce with carbon as described below in 
the Mansfeldt process. This method is only used when silver has 
to be separated at this stage. 

The Use of the Bessemer Converter in obtaining Coarse Copper.— 

The advantage gained by the use of the converter in refining 
iron chiefly consists in the circumstance that the impurities, in 
the process of removal by oxidation, themselves furnish the heat 
necessary to carry on the operation and keep the metal thoroughly 
liquid. In the case of iron, the chief impurities, carbon, silicon, 
and manganese, evolve much heat on oxidation, and thereby 
actually raise the temperature of the charge in spite of losses 
of heat by radiation and other causes. With copper, on the 
contrary, the chief impurities, sulphur, iron and arsenic, have 
comparatively low heats of combination with oxygen, and are 
also usually smaller in quantity than the impurities in iron. It 
follows that although the specific heat of copper (0-095) and its 
melting point (l,Qj80° C. = 1,976'" F.) are lower than the same 
constants for iron ^9*112 and 1,505° C. = 2,711° F.), the heat 
evolved in bessemerising crude copper (e.g., blister oopper) is- 
insufficient to maintain thq^ metal -in a molten condition. The 
attempt to refine crude cp^Jper by ordinary bessemerising has, 
therefore, been abandoned, an(J the old refining process (described 
in section 6), costly in fuel and labour, retained of necessity. By 
s^arting with a cruder product than blister copper, and thus 
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iiicreasi'fi^ the quantity of combustible material, it is possible, 
however, to evolve sufficient heat to maintain tlie rhar^e in a 
liquid condition, and to oxidise it until the bulk of tlie sulphur 



Fig. 32. — Bisbee copper converter. Opacity, I t tons. 

and iron is eliminated and a grade of crude copper corresponding 
with the bli^er copper of the Welsh process obtained. 
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The Manh^s process is based on tliis principle. matto 
(:oriH\spon(lin^ witli blue metal — /.c., of a composition between 
that of coarse metal and fine metal (r.s .) — is produced, run into 
a converter, and oxidised by a blast directed at first from below 
the charjie and afterwards from twyers from the side of the 
converter, so that as th(‘ (‘opper is reduced to metal and sinks to- 
the bottom of the charge, it may cease to be acted on by the 
blast, which is directed upon the still unoxidised and specifically 
lighter matte. 

The pro(‘(‘ss can only be satisfactorily a])))lied to mattes co!i- 
taining abo\it 50 per cent, copper. If the matte is too h<igh in 
copper the <{iiantitv of iron and sulphur is so small that the heat 
evolution is insullicient to keep the mass melted, while if th(‘ 
proportion of copper is too small the amount of slag produced 
is large and the destruction of the converter linings rapid. Modem 
copper converters usually take the form of horizontal cylinders 
mounted on friction wheids (Fig. 52), so that they can be easily 
tilted, 'riie converter shell is made of j-inch ste<‘l plate lined with 



Fig. lilt.-— tVnivorU'i- -f', a twvcr. 


a layer (about 1 foot thick) of crushed (piartz and a little clay. 
This lining furnish<‘s the silica for slagging '' the iron oxide 
formed l)y the oxidising action of the blast, and usually lasts 
for about nine charges, after which the converter needs relining. 
This lining forms a somewhat expensive item in the process, and 
in sbme Americaii AVork.s it is the custom to us(‘ a sili(‘eous ore 
containing from 5 to 10 per (*ent. copper as a lining, the copper 
being extracted during the process. 

One form of converter consists of a. cylindrical vessel with 
its longf’r axis horizontal and provided with an inlet and outlet 
at its ends, so that the flame of a furnace can be turned through 
it iu order to melt the charge within it before^ bessernerising. 
As a ruh‘. liowcv^T, the {‘onvej-ter is charged with inolteu matt(‘. 
The twyer.s are placed in a tow along the .side of the cylinder, 
and are so connected with the pipe conveying the blivst that by 
a partial rotation of the d^dinder the air may be either forced 
through the molten char^^e at any desired deptli. or directed 
down upon its surface without breaking joint with the air supply. 
A cross-section of the cylinder in different positions is shown 
ill Fig. 33, c representing one of the twyers. Tln^ attachment 
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of a joinJfed tube capable of flexure to e for the conveyance of 
the blast will be readily appreciated. The process takes place 
in two stages, each lasting from 30 to 60 minutes. In the first 
or slagging period oxidation takes place, and the oxide of iron 
produced forms a slag of ferrous silicate with the lining of the 
convester. At this stage the slag is partially poured off. A 
little fresh matte is then usually added in order to supply fuel 
to bring up the temperature rapidly when the converter is again 
turned up. In the second or copper making period reaction 
takes place between copper oxide and sulphide with the i)roduc- 
tion cff metallic copper. The copper obtained has a com])osition 
averaging Cu 98*J, S 0*85, Fe 0*^5 per cent. 

6. Refining. — The crude blister copper usually contains S, 
As, Sb, Sn, Pb, Bi, Fe, Ni, Ag and Au. Of these, sulphur is the 
chief impurity, though copper from arsenical ores may retain 
several ‘per cent, of arsenic. The refining process consists essen- 
tially of regulated and limited oxidation. The blister copper is 
piled on the hearth of the refinery, which is an ordinary roasting 
furnace with an inclined hearth, and slowly fused in an oxidising 
atmosphere. The charge is rabbled jind skimmed at intervals 
until it has arrived at the stage of dry copper,'’ so called from, 
the dull red colour of ,a fractured surface. This condition is due 
to the presence of cuprous oxide di.ssolved in the copper, and is 
an indication that the impurities have been oxidised. It is con- 
sidered that the process of oxidation Ls miuh promoted by the 
conveyance of oxygen in the form of (‘uprous oxide to th(‘ interior 
of the mass of fused copper on the refinery hearth. A similar 
but more efficient agent is sometim(‘s used — viz., oxide of lead 
(produced by the addition of metallic lead to the charge), wliich 
is morj easily reducible by the impurities to be oxidised than is 
cuprous oxide; this method of treatment is termed “ scorifica- 
tion.” The slag (refinery slag) contaiiis the above-mentioned 
impurities as oxides — except that some of the sulphur and arsenic 
has been volatilised — and silica from the furnace lining. It also 
contains much copper oxide (corresponding with a content of 
about 55 per cent. Cu in the slag), to recover which the slag is 
reworked in the fusion for fine metal. 

Dry copper containing cuprous oxide i.s us(;)ess for most pur- 
poses, being brittle (“ short ”) ; accordingly, • as .soon as the slag 
is removed, the surface of the metal Ls covered with anthracite or 
charcoal and after a short time a p|l(‘ of green wood i.s worked 
in the charge. The gases thereby <^Vj)lved from the wood effect 
the reduction of the cyprous oxidt; and toughen the metal, con- 
verting it into “ tough-pitch copper.” It is found advantageous 
not to push^the poling too far, as a small cpiantity of cuproflB*^ 
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oxide improves the quality of ordinary copper (see Kiftuen^ of 
Impurities on Coffer^ p. 262). The tough copper is ladled into 
ingots. The substitution of other reducing agents for the carbon 
of the poling has been attempted, the greatest success having 

attended the use of phos- 
phorus, in the fo^m of 
copper containing 7 per 
cent, of this element. Only , 
traces of phosphorus re- 
main ill the finished copper. 
Aluminium an(?- ziiit* will 
effect a similar reduction. 

The removal of arsenic 
from arsenical blister 
copper and arsenical copper 
bottoms (v.i.) is. advan- 
tageously effected by re- 
fining in a furnace with a 
basic-lined hearth, such as 
is used in steel-making, 
because impurities yielding 
acid, oxides — e.f/., arsenic 
and antimony — are thus 
more easily eliminated. 

Process of making “ Best 
Selected'' Copper.—It has 
already been indicated that 
when oxidation occurs, in 
the process of fusion for 
fine or white metal, beyond 
the point at which all the 
iron is converted into oxide, 
a portion of the copper 
appears as metal, and this 
dissolves a large proportion 
of the impurities of the 
matte. It is found advan- 
tu.geous to exaggerate this 
effect, and to thus obtain 
a matte which can be 
more efficiently , refined 
than can ordinary fine m^tal. When this method is adopted, 
the process is conducted in^a separate furnace, in which the 
fine metal, instead of being made to undergo complete self- 
‘"leduction, as in the roaster furnace {v.s, sub-section, 5), is melted 
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down, ailR is tapped when about one-fourth of the copper has 
been reduced. When the matte is cast into ingots, the metal 
settles to the bottom, and is afterwards broken off. The refined 
matte close regulus,” containing 79 per cent, of Cu) is almost 
pure CuoS (which contains 80 per cent, of Cu), and is put through 
the rc^sting and refining process already described (Nos. 5 and 
6). The copper thus obtained is “ best selected.'’ The lowTr 
portions of the ingots are known as “ bottoms,” and are rich in 
the impurities (notably arsenic) present in the original fine metal. 
They are refined in the same manner as is blister copper, prefer- 
ably on a basic hearth, and yield a copper of a grade lower than 
best selected. T|Jie “ B.S. process ” is now seldom used. The^ 
so-called “ best selected copper ” of commerce is now usually 
prepared from pure materials. 

The diagram on the preceding page (Fig. 31) gives a graphic re- 
presentation of the stages of the Welsh process of copper smelting. 

The gradual change in chemical composition of the products 
of copper smelting by the Welsh process, from the ore to tough 
pitch copper, is shown in the accompanying table of analyses : — 



Ore. 

Roaated 

Ore. 

Coaree 

Metal. 

Roasted 
Coarse Metal. 

Fine 

Metal. 

Copper, 


12 

13 

34 

37 

72 

Iron, . 


20 

28 

35 

38 

6 

8ulphur, 


30 

21 

30 

15 

22 

Gaiigue, 


32 

34 

1 

1 

... 

Oxygen, 



4 

... 

9 

... 


100 

100 

100 

100 

100 











Blister 

Refined 

Tou^h Pitch! 

Best 



Uottoins.* 

(Copper. 

('upper. 

t’opper. j 

Selected. 

Copper, . 


92.32 

98-46 

98-90 ^ 

99-61 

99-89 

Sulphur, . 


0 95 

trace 

trace 

trace 

... 

Lead, 


0-92 

0-02 

0 02 

0 02 

trace 

Bisinutli, . 


0 00 

0 04 



0-02 

Arsenic, . 


5 09 

0 84 

0(F2 

0-02 

0-05 

Antiraon}^ 


0-27 

trace 

trace 

# trace ^ 

tracc^ 

Phosphorus, 


0 05 

0 01 




Iron, .. 


0 02 

0-02 

trace 

trace 1 

trace 

Nickel and cobalt. 

012 

trace 

ij 0-22 

! 0-21 i 

trace 

Silver, • . 


0 02 

0-02 

^ 0 03 

0-03 


Oxygen, . 




,0-75 

0-08 





99-41 ‘ 

99-94 

! 99-97 . 

99-96 







.. ..J* 


* *Journ» 8oc, Chem, Ind., p. 4.^ * 
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The products obtained in copper smelting and refinfttg neces- 
sarily vary according to the nature of the raw material and the 
mode of working ; the figures given above are, therefore, to be 
taken as representative examples and not as rigid standards. 

Typical German Process of Copper Smelting.— - This differs 
from the A\’elsh process already dealt with, in that kilys and 
blast furnaces are respectively substituted for the (a lei nation 
furnaces and fusion furnaces described above. Moreover, tlie 
tine metal is roasted “ dead — i.e., converted into cu]jri(; oxide 
— and reduced by carbon in a reverberatory furnace, this pair of 
operations taking the place of the self-reduction of, the AVelsli 
process. For most ores the Welsh is now lap;gely substituted 
lor the German typical metliod, as although it m^eds mor(‘ fuel 
it avoids the strong reducing action of the blast furnac(‘ wliich 
tends to yield an impure metal. 


The Mansfeld Process of Winning Copper (and Silver).— This 
process is particularly adapted for ores poor in copper, but 
containing sufficient silver to ])ay for recovery. 'JTiis is especially 
the case with the Mansfeld cupriferous schists. A typical {)re 


of this class has the followi 


ig composition : — 


SiO.. 

IVr cent. 
:V2-78 

At, (>3, 

1 1 -iS 

CaO 

1431 

MirO, 

4 -’>3 

tOa, 

13-61 

Fe, 

(1-85 

Cu, 

2‘)3 

Ag, 

S, 

001 

3% 

Bituminous matt(?r, &c. , 

1407 


98 ”23 


The ore is burnt in heaps ; the bitumen and some of the sulphur 
are eliminated, but care is taken to retain tlie copper as sulpliide. 
It is then fused in blast furnaces with slags from a succeeding 
operation and fluor spar. TTie resulting coarse metal contains 
from 30 to 45 per cent, of copper, and was formerly roastc'd in 
kilns, for which purpose it was mixed with about its own weight 
of already roasted coarse metal to avoid fusion. In modern 
works the coarse laet-al is calcined in reverberatory furnaces 
exactly as in the \Velsh process. The fusion for fme metal 
[spurstein) is conducted in' a reverberatory furnace. As it is 
important that “ moss copper ” (v.s.) should not separate, some 
unroasted coarse metal is added to the charge to keep the copper 
as sulphide. The fine metal contains 74 to 75 per cent, of Cu 
"^Afid 0'3 per cent, of Ag. The next process has fpr its object 
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the compete oxidation of the copper, and, concomitantly, the 
conversion of silver into sulphate. This is carried out (in Zior- 
vogel's process) by roasting the ground fine metal in a rever- 
beratory furnace, and can only be effected by due attention 
to the conditions of oxidation ; these will be dealt with more 
particj^larly under Silver. The silver sulphate is leach(*d out, 
precipitated by copper and worked up. The residual cojiper 
oxide is dried, mixed with small coal, reduced in a reverberatory 
furnace, and refined in the usual way. The method described 
for the recovery of silver is now seldom used, the spurstein ” 
being i^un (Jirectlv for coarse copper. 

WET PROCESSES OF COPPER EXTRACTION. -d\ hen ores 
containing copper sulphide are exposed to air in a moist cam- 
dition, the sulphide is oxidised to sulphate and ma,y be leached 
out with water. The methods depending on the application of 
this, and like principles, are available for ores containing about 
3 per cent. Cu, which are too poor to smelt prolitably. In certain 
copper-bearing strata this extraction takes placi^ naturally, 
yielding a solution of copper sulphate, the blue- water '' of 

some copper mines. The same process is put in use artihcially 
by spreading the ore in heaps, provided with trenches to a.ct 
as drains, and frecjuently watering it during many months. 
Owing to the slow oxidation of large masses of ore in this way, 
a considerable quantity of heat is generated ; the temperature is 
best kept as 38^ C. = lOO"" F. by regulating the water supply, 
for the production of steam would exclude air. On the other 
hand, too low a temperature unduly retards the process. The 
oxidation proceeds mainly at the expense of the coppe-r sulphide, 
and when this is nearly exhausted (e.g., to 0'25 per (^eiit. (hi) 
the ore is still serviceable as a sulphur ore (for vitriol maldng). 
The solution of copper sulphate, whether obtained naturally or 
artificially, is run into asphalted tanks filled with iron pigs, by 
means of which the copper is precipitated ; the crude product 
(containing 65 per cent, of Cu, the balance being chiefly graphite 
and rust) is sent into the market as “ cement copper,’' The 
presence of much ferric sulphate (from the iron sulphide of the 
ore) in the liquors frequently causes the consumption of three 
times as much iron as is necessary to precipitate the copper, 
the difference being due to the reduction ferric to ferrous 
sulphate. , It is advantageous, as far as economy of pig or scrap 
. iron is concerned, to roast the om before extraction, as the 
amount of ferric sulphate in the liquor is thus decreased and 
the amount of pig iron consumed by it cWespondingly diminished. 

Large quantities of pyrites containing about 3 per cent. Cu 
are burnt for vitriol making, and the residue (chiefly ferric oxidx^T^ 

- j ♦ J » 
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^vorke(l up ior copper. This is j^eiierally dona by the 

spent pyiit(‘s witli common salt and calcininjz the mixture in a 
muffle furnace (tlie fltMiderson pro(‘ess). The sulphur left in the 
ore by the vitriol maker is oxidised, copper sulphate })ein;i: formed. 
This reacts with the salt, yieldinj:; cuj)ric chloride and sodium 
sulphat(‘. The “ chlorinated ” ore is leached out wi^h the 
li(jUors (coutaininji; HCl) that have been condensed in the towers 
attached to the furnace? Hues, and the copper is precipitated 
by iron in the usual wa\% a.ny silver preseiit bein*^ previously* 
precipitat(‘d by means of sodium or zinc iodide. Tin? silver is 
recovered by reducing the precipitated iodide with hydro#?hloric 
acid and granulated zinc and refining the mj^.tal thus formed. 
The spent ore, “ purple ore/^ is used for the fettling of puddling 
furnaces. A similar chlorinating roasting is carried out in heaps 
at the mines when the sulphur is not utilised. 

A simpler process for the separation of silver is by means of 
iron. The clear liquor is agitated by means of steam in a tank 
containing f^bme thin sheet hon. A small portion of the copper 
together with all the silver and gold is precipitated by the iron. 
This copper precipitate is afterwards electrolytically refined and 
the precious metals recovered from the sludge, as described in 
a later section. Gibbs’ process consists in passing a small quantity 
of sulphuretted hydrogen through the liquor when all the silver 
is precipitated with the first portions of the copper, the precipi- 
tate often assaying 200 ozs, per ton. 

Another method of dissolving copper from its sulpliide ores (the 
Doetsch process used at the Rio Tinto mines) depends on the fact 
that when a cupriferous pyrites is treated with a solution of a 
ferric salt — e,q., Fe.^Clj; — the cuprous sulphide reduces the ferric 
chloride with the formation of cuprous chloride and free sulphur, 

CiuS f Fe,Cl„ - 2FeCl, + Cii CL + 8. 

A portion of the cuprous chloride is oxidised by the air to cupric 
chloride. In practice, ferric chloride is not used, but a mixture 
of ferric sulphate and salt (potentially ferric chloride), such as 
results by adding salt to liquors from the precipitating tanks, 
or by leaching the chlorinated ore that has been roasted in heaps 
in the manner described in the preceding paragraph. The excess 
of salt serves to distiolve the cuprous chloride. The precipitation 
of the copper is .effected as usual. The ferrous chlorid,? is recon- 
verted into ferric chloride b>/ letting it fall down a tower up which ' 
a current of chlorine is passed, the latter being obtained by 
heating a mixture of salt, ‘ferrous and ferric sulphates in a rever- 
beratory furnace. 

*3tia'^0\’dised copper ores, of course, do not need any preliminary 
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roasting,' and are treated directly with any convenient acid 
liquor, the copper being precipitated from the solution by scrap 
iron in the usual way. 

Another extraction process is that of Hunt and Douglas, which 
depends on the action of ferrous chloride on copper oxide. Sul- 
phide ^res must, therefore, be first roasted if they are to be 
treated by this process. 

3CiiO + 2FoCl, -= Cu,CI, f CiiCl., + Fo,0;, 

If cuprous oxide is present metallic copper is precipitated. 

* 3Cu,0 -f- 2FcCL - 2Cu -f 2CuoCl, 4- Fc.O;,. 

The leaching agent is made from a mixture of ferrous sulphate 
and common salt, an excess of the latter being used to dissolve 
the cuprous chloride formed. The copper is precipitated from 
the solution by means of iron. The amount of salt and iron 
used is less than with the Henderson process. The objections of 
the process are the formation of basic salts, the Tlifhculty of 
filtering the residue, and of recovering any silver present. These 
objections have led to a new Hunt and Douglas process, in which 
the ore is dissolved in sulphuric acid, and ferrous chloride or 
calcium chloride added to convert the copper into cupric chloride, 
sulphur dioxide being then forced through the liquor to precipi- 
tate cuprous chloride. 

CuCl, h CuSO., -f SO, + 2H,0 = Cu,Cl, 2 H,S() 4 . 

The cuprous chloride is separated and treated with iron to pre- 
cipitate copper or with milk of lime to form cuprous oxide, which 
is afterwards smelted with carbon for the production of metallic 
copper. The solution from the cuprous chloride precipitate is 
freed fA>m SO^ by blowing in hot air, and is then available for 
dissolving a further quantity of ore. 

THE ELECTROLYTIC WINNING AND REFINING OF 
COPPER. — ^As stated above, cement copper is a crude product 
containing 60 to 80 per cent. Cu, the remainder being impurities 
(graphite and rust) from the iron. By using electrical energy 
instead of the chemical energy of iron to reduce the copper, 
a pure metal can be obtained at a single operation ; this is rend- 
ered possible because of the greater ease wi4h which copper is 
deposited from an acid solution than is the chief impurity present 
— viz., iron — a fact which is borne oiit by the capability of iron 
to replace copper in its salts, as in th,e production of cement 
copper. An ideal process would be to win pure copper direct 
from the ore by using the ore as an anode (the electrode at which 
oxygen is evolved if tlfe anode be non-oxidisable, or utilisSff '' 
. • ' *17 • 
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in oxidising and dissolving the anode, in the contrary "^asc), and 
thus bringing the copper into solution, to be deposited again 
as metal, free from the other constituents of the ore, on the 
cathode. The difficulty of completely extracting the crude ore, 
by reason of the obstruction caused by the insoluble gangue 
and other constituents, renders this process imprac4^icable. 
Even when the ore is first smelted to a matte {e.g., coarse metal), 
and used as an anode, the same difficulty arises. At Mansfeldt, 
however, a process known as the Gunther-Francke process is 
now being worked with more or less success, in which anodes 
of 75 per cent, matte are used. The cathodes are ^tliin «copper 
plates, and the electrolyte is kept in constant circulation at a 
temperature of 70° C. Iron, nickel, and cobalt go into solution, 
and an ‘‘ anode sludge collects at the bottom of the vats. 
Sulphur is extracted from this mud by means of hot acetylene 
tetrachloride, and silver is recovered by means of sulpfiuric acid. 
At present two classes of process are chiefly employed in treating 
copper electrolytically, viz. : — (1) extraction of the ore as in a 
wet process, followed by the electrolysis of the cupriferous liquor ; 
and (2) refining of crude copper of the grade of blister metal oi 
black copper. 

1. Extraction and Electro-deposition.— A typical process foi 
winning copper from the ore electrolytically is that of Siemens 
and Halske. In this an ore containing copper as sulphide ig 
first partially roasted to oxidise any sulphide of iron to ferric 
oxide, and then leached with an acid solution of ferric sulphate 
obtained at a later stage of the process ; 

Cu.,S + 2Fe,(S04);{ = 2 CUSO 4 + 4FeS04 + 

Any copper oxide formed by roasting is also dissolved as sulphate, 
The liquor, containing copper sulphate and ferrous sulphate, is 
circulated first through the cathode compartments of a series oi 
electrolytic tanks, and then through the anode compeartments, 
In the former the copper is deposited on thin copper cathodes, 
and in the latter the ferrous sulphate, coming from the cathode 
compartments, is oxidised to ferric sulphate as it passe^ the 
anoeies, which are of carbon. The solution of ferric sulphate is 
then used as de^ribed above for extracting the ore, the process 
thus being continuous. The cells are divided into anode ant 
cathode compartments by porous diaphragms, which keep tin 
liquor at the anode separate from that at the cathode, and pre 
vent the ferrous sulphatj being oxidised at the anode to ferric 
sulphate and reduced agaip at the cathode. In this way the 
liquor is returned to the Inching vats with its iron in the ferric 
condition. The cell^ are arranged one below the^ other, and i 
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constiult flow of solution maintained. The difliculties experienced 
in obtjiining suitable permanent anodes and diaphragms have 
led to several modifications of the Siemens-Halske process. In 
these the arrangement of electrodes and diaphragm has been hori- 
zontal instead of vertical, and the diaphragm has served not only 
as a siparating membrane, but as a slow filter. Anodes of 
retort carbon or lead are used, while the cathodes may be copper 
sheets supported on wooden framework, or cylinders placed in 
the solution and kept in slow rotation. 

In Hoepfner's process a solution of (uipric chloride and sodium 
chloride is ifted in extracting the ore, by which means a solution 
of cuprous chloride in sodium chloride is obtained. Half of this 
■ passes to the cathode compartments, and half to the anode com- 
partments. In the former copper is deposited, and in the latter 
cuprous chloride is converted into cupric chloride by the chlorine 
equivalent to the copper deposited upon the cathode. The cupric 
chloride solution is used to extract more ore, diluted *with spent 
liquor (containing only sodium chloride) from the cathode com- 
partment' again divided into two parts, and the cy(.'le of operations 
repeated. The cuprous sulphide in the ore is extracted according 
to the equation — 

Cu,8 + 2CuCh - 2CuoCb -h 8.* 

If, in leaching copper ores for an electrolytic process, the 
<iopper can be obtained in the cuprous state — that is, already 
‘on its way to reduction to metal — a sensible advantage acairues, 
as the current necessary for its complete reduction is corre- 
spondingly diminished. A subsidiary advantage claimed for the 
process is that cupric chloride is a solvent for silver contained in 
the ore ; thus — . 

Ag,8 + 2 CuCl 2 = Cu.,CL> + + 8. 

The resulting silver chloride is fairly soluble in the solution of 
cuprous chloride in sodium chloride, and from the solution silver 
can be precipitated by well-known means — treatment with 
metallic copper. 

'A process for obtaining copper from its ores electrolytically 
has been described by Keith. The ore is roast^ and extracted 
with sulphuric acid. The solution is passed through a series of 
vats, in which it is electrolysed, and as the liqudr is robbed of 
its coppei;^ on its passage, so is the current density decreased, 
not by diminishing the amperage of each, vat, but by increasing 
the surface of the electrojjes.* ^ * 

♦ This equation has been i^isputed, but has since been experimentallji^ 
verified. 
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None of the above processes can be considered commercially 
successful, but are described as illustrating the principles on which 
processes of this kind are based. 

2. Electrolytic Refining. — The refining of copper l>y electro- 
lysis is a simpler matter than its winning by this means, and is 
more largely practised. The metal is obtained, by dr\’ pir!)(*esses. 
as black or blister copper (containing 07 to 98 per cent. Cu), and 
cast into plates which are used as anodes in a bath of coppca* 
sulphate acid with sulphuric acid. In general it is not remuner- 
ative to refine very crude metal, owing to the rapid deterioration 
of the electrolyte. The latter usually contains U’dbs. Copper 
sulphate crystals and J lb. sulphuric acid per gallon. The metal 
is dissolved by the action of the current, and d(‘posited on the 
cathodes, which are thin sheets of pure copper. As tin* pro(“-ess 
consists solely in the transference of copper, and not in its tru(‘ 
reduction, the only consumption of electrical energy w in over- 
coming the resistance of the bath. On this account a ])ressur(^ 
of 0*1 to 0*2 volt suffices, although higher pr(‘ssures varying from 
0*3 to 0*6 volt arc often used. A current density of about 10 
amperes per square foot is generally used, as when tlie work 
is done at a higher rate, irregular deposition and spongy copper 
result. In some refineries, however, current densities u}) to 
40 amperes per square foot arc employed. Beyond this ])oint 
special arrangements are necessary for circulating the electrolyte 
very rapidly. Electrolysis is usually carried out in the cold., 
but occasionally the electrolyte is kept warm, the tem[)eratnre 
being sometimes as high as 50'^ C. Some of the irnpuriti(*.s ii. 
the crude copper — c.</., iron — go into solution as sulphates and 
gradually contaminate the electrolyte, until it has to be purified 
or renewed. Others — e.g., gold, silver, and lead — remain as an 
insoluble sludge, from which the valuable constituents can be 
r(M*overed. Tlie composition of the sludge will evidi'utly vary 
with that of the crud(i copper. An ordinary samjile rich in silver 
will contain about 30 per cent. Cu (partly as oxide, antimoniati*, 
sulphide, etc.), 30 per cent. Ag, and 30 per cent. PbSO,, oxides 
of antimony and tin and the various small impurities, such as 
bismuth, sulphur, selenium, tellurium, and gold. A variation in 
working arrangements, at one time much practised in America 
(the Hayden yrgeesws), consists in directly connecting only the 
end plates of a series with the dynamo used for ^fielding the 
current, and allowing the intermediate plates to hang ^rce in the 
bath, one side of each acting as anode and the other as cathode, 
in regular order, according -to the drop of voltage of the current 
rixom anode to cathode. This device saves numerous connections 
apd allo\\s of the complete immersion of the plates. < The ultimate 
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iSect is ^the conversion of each plate of mule metal , by 
lontinual deposition of pure metal on one side (functioning as 
cathode), and removal of crude metal from the other (fu!\ctioning 
i-s anode), into a plate of pure metal The irregularity of the 
iction is the chief difficulty of the process. 

Varigus methods have been devised for depositing copper in 
he form i]i which it is to be subsequently used. One of these 
s that devised by Elmore. In this process the cathode is a roller 
)f metal, or wood coated with plumbago so as to be conductive. 
This roller revolves on bearings which also serve to convey the 
:urrent to it. As the copper is deposited it is smoothed down 
bnd compressed by means of a heavy burnisher, which travels 
)ackwards and forwards over the surface of the roller. The 
jopper tubes are afterwards stripped from the rollers, and are 
•egular in shape and in structure. For the manufacture of wire 
i tube un^de in this way is cut spirally from end to end into a 
(trip of square section capable of being drawn down into wire 
n the usual way. In the Cowper-Coles process cc^per is de- 
)osited in a smooth continuous sheet, so that it can be used at 
)nce without fusing or reworking. It consists in depositing the 
netal on a (cathode rotating with a peripheral speed of 1,000 feet 
)er minute in a hot solution of copper sulphate fairly concentrated 
md rapidly circulated. Under these conditions a (uirrent density 
200 amperes per square foot) far greater than that ordinarily 
ised can be employed. 

The following is a typical analysis of electrolytic copper ; — 


Ou, 







. 90-97 

As, . 







nil 

Sb, . 







. trace 

Pb, 







. trace 

• Bi, , 







trace 

Fe, . 







0-01 

Ni, . 







. trace 

0, . 







0-02 


100-00 


For the recovery of silver and gold from the anode sludge, the 
atter is washed and dried, sifted from fragments of copper, and 
mpelled with lead in the usual way, the sil'^el: and gold being 
eft and p^ted by boiling with sulphuric acid oroby electrolysis. 
')irect treatment of th^ sludge with boiling sulphuric acid is also 
practicable, the silver being converted into silver sulphate and 
dissolved by dilution with*hot water,* the silver solution being 
decanted from the lead sulphate and the silver precipitated' with 
copper. The lead sulphute containing the gold can be reduc«i 
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by fusion with charcoal to an ingot of auriferous lead, which can 
then be cupelled, leaving the gold fairly pure. In the Moehius 
process the mud is melted and cast into anodes, from which the 
copper is largely removed by passing a current of low voltage 
in an electrolyte of copper nitrate. The silver and gold in the 
residue are then separated electrolytically. ^ 

USES OF COPPER. — ^The utility of this metal largely depends 
on its malleability and ductility, and it is on account of these^ 
properties, as well as on account of its fairly high tenacity and 
resistance to corrosion, that copper is used for tubes, fire-boxes, 
wire, and cooking vessels. Its resistance to corrosion iby chemical 
dyestuffs, and the ease with which it can be engraved, make it 
peculiarly adapted for use as rollers for calico printers. Its high 
electrical conductivity adapts it for the construction of electric 
leads. It finds an extensive use in making alloys (see below). 
Its specific gravity is 8*9 ; it melts at 1,084° C. = 1,98?° F. 

INFLUENCE OF IMPURITIES ON COPPER.— On account 
of the existence of two distinct methods of refining copper— 
viz., the dry way and the electrolytic process — copper com- 
mercially employed may be divided into two classes — (1) that 
which contains a small, but still perfectly perceptible, amount of 
impurity, and (2) that which is almost chemically pure. The 
most characteristic impurity of the former is oxygen, which is 
intentionally left in the metal by stopping the poling process 
before complete reduction has been effected. Seeing that pure 
electrolytic copper, though somewhat soft, has a high tensile 
strength (up to 20 tons per square inch), is very ductile, and 
altogether reliable as a material of construction, the presence of 
oxygen in pure copper is not necessary to improve it. On the 
other hand, copper prepared by the dry process, and free from 
oxygen, is deteriorated in these same properties by amounts of 
foreign matter that are of little moment when a suitable 
quantity of oxygen is also present. Hampe has examined the 
efiect of the addition of known quantities of such foreign elements 
as are found in copper prepared in the dry way, to pure electro-, 
lytic copper, and has found that the tensile strength and ductility 
are not appreciably impaired by arsenic and antimony up to 
1 per cent. According to Roberts- Austen, bismuth, even OT per 
cent., causes the clipper containing it to be of low tensile strength 
and brittle, while as little as 0'02 per cent, make^ the metal 
distinctly red short. 

It is generally conceded that sulphur, bismuth, lead, and 
possibly iron have an 'injurious effect upon the mechanical 
properties of commercial copper. The same appears true of 
'a^itimony but not of arsenic. Nickel, which is constantly present 
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ill comnlfercial copper, seems to have a hardening influence, but 
is not otherwise objectionable. It may be taken that when 
any of tliese harmful impurities in its elementary state is present 
in copper, its effect is more serious than wlien sutticient oxygen 
is present to retain the said impurity as an oxide. For this 
reason an impure copper poled to tough pitch will contain more 
oxygen (needed to counteract the effect of the impurities) than 
an approximately pure copper of the same mechanical properties 
will contain. Where copper has to withstand heavy wear, as 
in locomotive fire-boxes, a pure soft metal is possibly less ad- 
vanta^eoui than one somewhat harder from the presence of such 
impurities as ar^nic and nickel. 

For use as an electrical conductor, on the other hand, electro- 
lytic copper is employed, as its conductivity is equal to, or 
exceeds, Matthiessen's standard taken as lOO,*" whereas copper 
made by^ dry processes has a conductivity ranging from 90 down 
to 50, on the same scale. The greatest effect in lowering the 
conductivity is that due to arsenic, 0*1 per cent, of which may 
lower it to 50 ; tin is similarly deleterious. Aluminium, although 
it should never be present, affects the conductivity almost as 
much as arsenic. Phosphorus also greatly reduces the conduc- 
tivity, and has been added to allow the copper to be readily cast. 

COPPER ALLOYS. — Considerable confusion exists in the 
classification of copper alloys, the terms brass and bronze being 
used indiscriminately by many manufacturers. They are best 
considered perhaps under three heads : — 

(1) Brasses, consisting mainly of copper and zinc. 

(2) Bronzes, consisting mainly of copper and tin. 

(3) Miscellaneous alloys. 

(1) Brasses. — Alloys of copper and zinc, ranging from 88 per 
cent. C\i and 12 per cent. Zn to 50 per cent. Cu and 50 per cent. 
Zn, may be classed as brass ; alloys of industrial value may be 
said to lie within the limits of 55 to 73 per cent. Cu. The avail- 
able evidence points to the existence of a definite compound of 
copper and zinc represented by the formula CuZn.„ whilst two 
other compounds possibly exist having the foiinuloe CuZn and 
CuZn^. Brasses may be classified as (flt)'high brasses containing 
more than 64 per cent. Cu. These alloys po^ilbss a simple struc- 
ture, con^sting of a single homogeneous solid solution, and can 
be rolled cold. The best clas^ contains 70 per cent. Cu and 30 per 
cent. Zn ; (b) low brasses containing frpm 55 to 64 per cent. Cu. 
These alloys are com^osett of two cDnstituents, each of which 

* Based on the conductivity of the purest ‘<ilver available at the time of 
the preparation of the stariftai’d. 
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is a solid solution, and are suitable for hot rolling, 'ihe com- 
monest alloy of this class is known as Muntz metal, and contains 
60 per cent. Cu and 40 per cent. Zn. The above is, of course, 
only a general classification, there being no sharp limit between 
the two classes, (c) Cast brass varies considerably in composition 
and is usually very impure. It generally contains a],^n‘oxi- 
matcly 66 per cent. Cu and 34 per cent. Zn, and is known as 
English standard brass. It casts well, and is capable of being ^ 
hammered and rolled. Brass is generally made by direct fusion 
of the metals in crucibles, for which a reverberatory furna(“e may 
be substituted when large cpiantities arc rccjuired ; ir>the lattcn* 
case, however, the loss of zinc by volatilisation is very high. 
The ingots of copper are made red hot, then melted in crucibles, 
usually under a layer of charcoal to prevent oxidation, and Ihe 
zinc then added. It is advantageous to first melt some s(‘ra]> 
brass in the crucible, together with a little fluor spar pr othei* 
flux, the copper being then added. A slight surplus of zinc is 
needed, both to combine with any oxygen in the (‘opper and to 
compensate for loss by volatilisation. Lead, tin, and iron are 
sometimes intentionaliy added to bra^ss for specific purposes, 
whilst arsenic, antimony, and bismuth arc sometimes uninten- 
tionally present. Lead does not alloy with brass, but separates 
out in the form of films between the crystals of the brass, and 
thus tends to weaken the metal. High grade brass should not 
contain more than 0-30 per cent. Pb, or its ductility is impaired. 
The addition of 1 to 2 per cent, of lead is sometimes practised 
in making brass castings, which have afterwards to be turned. 
In this case tin should not be present, as it imparts hardness and 
strength. Tin is sometimes added to brass to render it less 
liable to corrosion by sea water when in contact with gun-metal. 
Su( h “ naval brasses ” contain approximately 62 per cent, ('u, 
37 per cent. Zn, and 1 per cent. Sn. If more than 1 per cent, 
of tin is added the alloy becomes unduly hard and brittle. lion 
is occasionally added to brass to impart hardness and strength. 

“ AicKs metal ” contains 60 per cent. Cu, 38 per cent. Zn, and 
1-5 to 2 per cent. Fe. "'Delta metal” is a ferruginous brass 
containing 55 per cent. Cu, 43 per cent. Zn, 1 per cent. Fe, and 
traces of lead and phosphorus. It is harder, stronger, and tougher 
than brass, and hss a greater resistance to corrosion. “ Bull 
metal” and the German “ Durana metal” are similar olloys. 

(2) Bronzes are copper-tin alloys varying from the material used 
in this country for bronze coinage (Cu 95 per cent., bn 4 per 
cent., Zn 1 per cent.) to alloys containhig as much as 25 per cent. 
Sn. The definite copper-tin Compounds present in bronzes have 
b€ :n found to have the formulae CuoSn and Cu^Sn. “ Gun-metal ” 
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usually contains from 8 to l-t per cent. 8n, and consists of a solid 
solution of tin in copper containing a certain amount of the 
definite compound Cu 4 Sn. Gun-metal used for the manufacture 
of ordnance had originally the compgsition 91 per cent. Cu and 

9 per cent. Sn, but since guns are no longer made of })i onze the 
composition of industrial gun-metal exhibits considerable varia- 
tion ; thus, 87*5 per cent. Cu to 12*5 per cent. Sn is a c ommon 
proportion. “ Bell metal contains from 15 to 25 per cent, 
tin and the remainder copper, large bells containing the largest 
amounts of tin. When strength and elasticity are required bronze 
shoukl be^s free as possible from lead, zinc, and iron. Lead, 
however, is sometimes added to bronze to enable it to be more 
easily turned or^led. The effect of lead on bronze is the same 
as on brass (q,v,). Zinc in small quantities has a verj' beneficial 
effect on bronze, combining with any oxygen present and giving 
good castings. Alloys with 16 to 18 per cent. Sn, 80 per cent. Cu, 
and 2 to 4. per cent. Zn and Pb are generally used for strong 
castings and bearings. Iron is sometimes added k> bronze to 
impart hardness and tenacity. The effect of heat on some of 
the copper-tin alloys is remarkable, for whilst steel is hardened by 
quenching in water these alloys are hardened by slow cooling, and 
when quenched they lose their brittleness and become malleable. 

Phosphor-bronzes, properly so-called, contain from traces up 
to 2 per cent, phosphorus, those most commonly employed 
containing from 0*5 to 1*5 per cent, and 8 to 12 per cent. tin. 
Their hardness varies with the amount of phosphorus, and is 
due to the presence of vqtj hard particles of free phosphide of 
copper embedded in a softer matrix. They are well suited 
for the wearing parts of machinery. Phosphor-bronzes con- 
taining lead arc used for bearing metals, an example of which 
is lIutMey's “ standard phosphor-bronze containing Cu 79*6, 
Sn 10, Pb 9*6, P 0*8 per cent. Such an alloy consists of a sponge 
or skeleton of gun-metal having its interstices filled with lead. 
The term phosphor-bronze is also often applied to those alloys 
which are practically free from phosphorus, but in the manufacture 
of which this element has been used in an amount only just 
sufficient to act as a deoxidiser. The superiority of such alloys 
over ordinary bronzes is quite marked, and is due to the removal 
of dissolved oxides (as slag), in consequence l3f which they are 
more flui^ and give castings* free from pinholes. The absence 
of dissolved oxides also renders these alloys more resistant to 
corrosion. Phosphorus is usually added to bronze in the form 
of phosphor-copper or ph^Jsphor-tin, both of which contain from 

10 to 15 per cent. P. The former ft, in fact, a definite phosphide 
of copper, Cu^P. 
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(3) Miscellaneous Alloys. — The so-c jillcd manganese bronzes are 
not really bronzes, as they seldom eontaiu tin as jui essential 
constituent. With 4 to 6 per cent. Mn these alloys retain their 
strength at high temperatures, and are used as fire-box stays. 
The majority of commercial “manganese bronzes'” contain 
copper and zinc as their principal constituents, and are. n*ally 
brasses. They invariably contain iroji in addition to the man- 
ganese. On account of their resistance to corrosion by sea 
water, manganese bronzes are used for ships’ propellers. Much 
“ manganese bronze ” is free from manganese, this elem«*nt having 
disappeared as slag after having served its purpose “s a deoxi- 
diser, leaving behind, however, the iron with which it was associ- 
ated. Manganese bronzes to which aluminium has been added 
have recently been introduced under the name of “ Immadiurn ” 
alloys. They arc very strong and tough, and remarkably resist- 
ant to the action of corrosive licjuids. “ Aluminium bronze ” 
is likewise free from tin. The term is applied to alloys of copper 
and aluminiarn containing from 2 to 10 per cent, of th(^ latter. 
They contain a definite compound CuAl,, while a compound 
Cu^Al also exists. Small percentages of nickel or silicon are 
sometimes added. These alloys can be em})l()yed for many 
purposes in place of brass, being readily foiged and rolled, and 
drawn cold. “ Aluminium brass ” is ordinary brass containinui* 
less than I j)er cent, aluminium. 

'' CuprO’sUicon” containing 30 ])er cent, silicon and cujyro- 
magnesium ” are used as deoxidisers in the manufacture of copper 
alloy.s. 

(See also p. 22 ; for copper-nickel alloys see under “ Nickel.”) 


LEAD. 

It is doubtful whether lead ever occurs native. The following 
are the chief ores of the metal : — 

Galena (lead sulphide, PbS).— This is the most abundant and 
almost tlie only important ore of lead. Pure specimens of this 
mineral consist of cubical crystals which have a metallic lustre 
and a specific gravity of 7*0. Galena may be associated with 
silver sulphide wiTi\out undergoing change of form. The pre- 
sence of a very small quantity of silver — e.g., O’l to O’i per cent. 
— constitutes the ore an argentiferous galena, but, as will be seen 
later, even smaller percentages may be remuneratively extracted. 
Galena frequently also contains gold. ^ 

Antimony is a common inij^urity of the' mineral. The gangue 
in- vhich galena is found is usually quartz, calcite, fluor spar or 
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heavy .^ar. Ores of copper and zinc often accoinpanv 
The principal load mines of this country arc those of Alston 
Moor, in the North of En^dand, and of Derbyshire. The Scotch 
and \\ elsh mines are also of import^^nce. The largest supply of 
lead is. however, obtained from America, both from tlie United 
State^ and Canada. I he (icrman de[)osits in the Harz and those 
of Spain and Australia are also considerable. Lead is, indeed, 
widely distributed throughout, the world. 

Ceriissite (lead ('arhonat(‘, Pb(.\).,) is (‘xtc'nsivelv worked at 
Leadville, Colorado, where it is associated with. ga,l(*na. It 
occuift bqi;li amorphous and crystalline, and in the latter con- 
dition is sometimes black from the presence of lead sulphide. 

Anglesite (lead sulphate, PbSO^). — Originally found in Angle- 
sea, whence its name. It is not abundant, though deposits 
occur in this country, Australia, and Peru. The mineral is often 
rich in silver, containing 30 to 100 ozs. of silver to the ton. 

'Many other lead compounds, such as the double chloride and 
carbonate, PbCl., . PbCO.; (fhosgeniie), the chromate (crocoite), 
and the double chloride and phosphate ('pyromorphiie) are also 
found, but their comparatively small quantity renders them of 
little industrial importance. 

It is usually found that the oxidised ores of lead — r.f/., lead 
oxide, carbonate, and sulphate— occur in the superficial lodes 
lying above those carrying galena. The same is true of zinc and 
copper ores,^ the cause of tlie phenomenon being the weathering 
of the original sulphides. 

Preparation of Lead Ores for Smelting. — The substances con- 
stituting the gangue of the galena must be removed as far as 
possible before the ore is smelted, both because they occasion a 
loss of lead as fume and slag (dealt with in the description of the 
smeltihg of the ore — v.i.), and because the metals contained in 
them find their way into the finivshed lead. The main fact on 
which the concentration of lead ores is based, is that the galena 
has a higher specific gravity than the gangue. Thq ease with 
which the various constituents are separated depends, yari passv, 
on the difference of their specific gravity (galena 7*5, heavy spar 
4*5, copper pyrites 4*3, blende 4*1, quartz 2*6). Mechanical 
separation resting on difference of specific gravity can only 
be applied when the gangue is mtermixe(J •with, but not dis- 
seminate;! through the galena, as the lattei; condition would 
necessitate reduction to a very fine state of division. The 
process of concentration is carried out by roughly crqshing 
the ore and washing in a^stream of water, the specifically lighter 
gangue being thus removed. When, however, argentiferous 
galena, cemtaining it# silver distributed through the gangue 
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instead of being in combination with the galena, is Vorked, 
concentration may cause serious loss of the more costly metal. 
Magnetic separators for removing iron pyrites have come into 
use in recent years. Oxidised ores are usually smelted without 
preliminary treatment. 

The methods in use for smelting galena may be divided ac^LCord- 
ing to the reactions on \vhich they depend. 

1. Partial Roasting and Self-Reduction. — This is similar to 
that already described under copper ((j.v.). When lead sulphide 
is roasted, it is partly converted into oxide with elimination 
of SOo, and is pa.rtly directly oxidised into lead sulphate. ^Both 
oxide and sulphate are capable of reacting with lead sulphide 
(left when the roasting is incomplete) in the following maimer : — 

1M)S -I- Pt>S(>4 - 2Pb !■ 2S()... 

JM)S -i- 2IM)() . :{Pb -i- 

Tliese are the main reactions, but other chemical changes may 
take place vrjrying with the prevailing conditions. In presence 
of an excess of sulphur dioxide lead may be reconverted jiartially 
into sulphide and suljdiate, 

2Pb !- 2S(). -.--yhH PbSO^. 

2. Complete Roasting and Reduction by Carbon. — This process 
consists in roasting galena until the bulk of the lead is converted 
into oxide, though some passes into sulphate, and reducing it 
in cupolas or blast furnaces with carbon. The complete reduc- 
tion of lead silicates that may be formed by the action of the lead 
oxide upon the siliceous gangue, is aided by the presence of 
iron ores naturally associated with the lead ores which are smelted 
ill this manner. The action of the iron ore is probably due to 
the tendency of oxide of iron to form silicates, and thus, in the 
presence of carbon, to liberate lead from its silicates. 

3. Reduction by Iron (“ Precipitation. Process ”). — In this 
process the sulphur of the galena is removed as iron sulphide, 
the lead being directly obtained in the metallic state. 

The various methods thus catalogued may be dealt with as 
follows : — 

1. Self-Reduction. — The first of the above methods is that 
generally employed'in this country, and is typified by the Flint- 
shire process. This is always conducted in a reverberatory 
furnace, shown in Fig. 35. It differs from ordinary furnaces of 
this kind in that the hearth is made from slag produced during 
the smelting, shaped into a"depression or well, B, in the centre. 
'T'hc shaping is performed while the slag is hot and plastic, and 
the^Gorm is retained during the succeeding operation. The flame 
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from tlie hearth of the furnace, F, passes over the fire-bridge, 
and is deflected on to the charge, which is introduced through 
the hopper, T, and is worked through the side doors, o. 

About a ton of ore is charged inio the hot furnace and im- 
mediately spread over the hearth and stirred, while the air 
is carefully regulated until the charge lias become pasty. 
During this part of the process the oxidation of a poi tioii of the 
galena to lead oxide and sulphate takes place. Air is then 
excluded from the furnace, and the temperature is maintained 
at redness in order that the reaction of the sulpliide with the 
oxidcf and sulphate respectively may proceed. The charge runs 
down into the i^ell, where the lead collects at the bottom. The 
undecomposed ore and slag are chilled by opening the furnace 
doors, and, when semi-solid, pushed back on to the higher part 
of the hearth near the hi*e-bridge. The tem])erature is again 



Fig. 35. — Furnace for smelting galena. 

F, Hearth ; T, hopper ; o, side doors ; I", stoking door. 


raised until the charge runs down a second time, a fresh quantity 
of lead being reduced. The slag must now be rendered less 
fusible — i.e., it must be “ dried up '' by throwing lime into the 
furnace. It is then sufliciently pasty to be again pushed back 
on to the higher part of the hearth, whSre it may now be again 
calcined. A third fusion follows, and should over-oxidation 
have occurred, a little coal is*added to the change as a corrective. 
The charge is now ready for withdrawal, save that there is lead 
disseminated through the slag. To rocover this, another portion 
of lime is thrown in, ^anu the pasty product pushed back on to 
the upper part of the hearth to Srain. The crude lead is now 
run from ^he well infft a tapping pot. ^ Much dross collect# on 
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the surface of tlie molten metal in the pot, and before removing 
this, the entrapped lead must be shaken out of it by agita.tion 
with a paddle and the introduction of small coal, the gases from 
which are Ignited, the heat thus generated melting the metal 
in the dross. ' The lead is then ladled into pigs. Working with 
an ore containing 75 to 80 per cent, of lead a yiidd of ()5 to 70 per 
cent, of lead is obtained, the balance being r(a,*overetl by working- 
up the slag and fume. 

Th(^ first portion of lead obtained is ])urer than that subse- 
quently reduced, and is sometimes tapped separately. Tlu' purity 
of the lead depends largely on the nature of the othrr mitallic 
sulphides associated with the galena, whieh, in .‘'fcneral. undergo 
reactions similar to those of lead sulphide itself. Silver and gold 
pass into the lead, while a.rsenic, antimony, zinc, etc., are partially 
reduced, and a])pea.r in the lead, and' partially become associated 
with the slag, the remainder being volatilised. Antimony sul- 
phide is a very objectionable impurity in the ore ; firstly. l)ecause 
antimony nnfkes lead hard, and secondly, because the oxide and 
sulphide being very volatile carry away both silver and lead in 
the fume. A good deal of lead oxide is volatilised during the 
above operations, and this, together with other volatile impurities, 
such as zinc, arsenic, juid antimony oxide, constitutes Hue-dust.*^ 
The quantity of such dust is greater the greater the (juantity of 
volatile impurities, which carry over less volatile constifcucMits 
of the charge. Lead fume is condensed by using very long 
flues (sometimes more than a mile in length). More complete 
condensation is cifcctcd by arrangements for lowering the velocity 
of the exit gases by first passing them through large chambers, 
and also by increasing the condensing surhicc either by means of 
baffle plates (Freudenberg plates) or by breaking uj) the main 
flue at intervals into a large number of smaller flues (Cowper 
dues). The flue length can be diminished by the use of various 
condensei'vS, in which the fume is either pumped tlirough water 
or submitted to the action of a water spray. Filtration through 
woollen or cotton bags has been found effective, and in somcj 
cases the product is suitable for use as a white paint. Attempts 
at electric condensation have so far not proved generally success- 
ful ; the most promising is the Cottrell process^ in which the 
(jurrent is passed tlvough the flue gases from a high potential 
direct current machine between trihiigular wire frames ( overed 
with asbestos (attached to the -f pole) and sheet iron (attached 
to the — pole). Condensed acid vapours and particles of dust are 

* Haniiay has asserted that the production of fume is dependent on the 
formation of comjjounds of SO., with PbS, stable at a high temperature, but 
dissbeiated on cooling. Evidence in this directiS^n is still inconclusive. 
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Fig. 36.-Scpl, or ore lieartl. for smelting lead ores. 

A, Iron box; B, twyer, C, work-stone ; D, melting pot. 
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of the blast. From time to time much of the chai’p;c is drawn on 
to the work-stone, where the glassy “ grey slag,’' rich in silicate 
of lead, is separated from the unreduced ore and unburnt fuel, 
and put aside for treatment on the slag hearths {v.i.). During 
this selection the lead already reduced runs down a channel 
provided for it on the work-stone, and into the molting pot. The 
clinkered mass of fuel and ore, l)roH',y\ is returned, fresh ore and 


fuel added, and the proces.s continued. 



Pig. 37. — Mufl'ct double-hearlli furiiaco 
for lead. 


It is obvious that in this 
process the reducing action 
of tlie fuel plays a part, 
as distinct fiori the self- 
reduction of tlie ore. The 
process, mor('ovcr, differs 
from the rev(‘rberator\' 
process in that oxidation 
and reduction are sirhul- 
taneous, the oxide and 
sulphate reacting with 
the sulphide as soon as 
they are fornuHl. Moih'rn 
hearth furnaces are watei’- 
jacketed, use hot blast, and 
produce large quantities of 
I(Nid fume. The process is 
of value in places wheri* 
labour is elieap and fu(‘l 
dear. The Moffet hearth 
furnace, one of the most 
modern, is shown in tin* 
ac{‘ompanying diagram. It 
consists of two hearths 
s(‘parate(l i>y a hollow 
partition, in the low(‘r 
part of which water is 
circulated. The wind- 
chest for the blast (not 
shown) is connected with 


the upper part of the partition, from whieh twyers descend and 
deliver the blast ift the top of the hearth-box. The lead over- 
flows from the hearth, and is delj^vered through a spnut in tlie 
work-plate into the lead-kettle. 

The slags from both the Flintshire and the Scotcrh process 
are now usually treated either in a flowing furnace or a cupola. 
The slag hearth once universally used for this purpose still sur- 
viv^'s. The general object is to reduce athe lead from the lead 
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Silicate. J^’or this purpose the slags are heated on a hearth with 
the aid of a blast, the proportion of acid to basic oxides being 
so adjusted as to yield a fusible slag irre^ective of the decom- 
position of the lead silicate. The lead oxide is thus free to b(' 
reduced, and the lead is allowed to trickle away through a filter 
bed of guilders into the lead pot. The product, slay lead, is hard, 
impure, and of low grade. 

2 and 3. Reduction by Carbon and Iron in Blast Furnaces.- 

One of the features in the progress of metallurgy has been the re- 
placement of the reverberatory furnace by the more economical 
blast fifrna«e. This, as we have seen, is the case in the metallurgy 
of copper, and is %ow to a large extent also true in lead smelting. 
The blast furnace method, which is most generally adopted, is 
found to be suitable for almost any class of ore, and the per- 
centage of lead may be much smaller than that necessary for 
other methods, while the presence of silica to a certain extent 
is not disadvantageous. If the ore is free from sulphur (or has 
been roasted nearly free from sulphur) the case is* analogous 
to the reduction of iron in the blast furnace, and it is only neces- 
sary to add some flux to form a slag with the gangue and fuel 
ash. Such a case of reduction by carbon pure and simple 
rarely arises, and it is unnecessary to consider it separately. 
The flux may consist of iron ore and limestone, in which case 
metallic lead and slag rich in ferrous silicate are produced. It 
appears that the ferruginous matter is reduced to the ferrous 
state and forms ferrous silicate with the silica of the lead silicate, 
the lead being simultaneously reduced to the metallic state b>' 
the carbon of the fuel, the presence of which determines the 
replacement of lead oxide, in its silicate, by ferrous oxide. 

If, as is usually the cavse, the ore contains a large amount of 
sulphur, it is found best to remove a considerable portion of this 
by roasting ; otherwise the amount of iron consumed and of 
regulus formed is inconveniently large. The so-called '' pre- 
cipitation process ” in its simplest form consists in charging a 
reverberatory or blast furnace with galena and scrap iron (to- 
gether with fuel in the case of the blast furnace), and raising the 
temperature until the following reaction sets in : — 

PbS -f Fo = FeS + Pb: • 

The produces are metallic lead,* a matte consistuig of sulphides 
of iron, le§d, and any copper and silver that may be present, and 
a slag consisting chiefly of silicates of iron. The matte is roasted 
and returned with the ngxt charge, tjie \)peration being repeated 
until the copper content is 15 to 20 per cent., when the matte is 
worked up aa^qoarse met^k (see Copper, p. 2^3). It is economiCfl 
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to substitute iron ore, burnt pyrites, or iron silicates from copper 
smelting (q.v.) for metallic iron. The carbon of the fuel reduces 
these substances, and the metallic iron thus produced removes 
the sulphur from the lead sulphide. This method, however, is 
seldom carried out as described ; the most general method of 
lead smelting now consists in first roasting the ores to get rid 
of sulphur, and then smelting the roasted ore with fluxes and 
reducing agents in the blast furnace. The roasting is effected in 
heaps, shaft furnaces, or reverberatory furnaces, and the latter 
may be liand-worked or mechanically worked, while tlie liruckiu'r 
and other calciners are also used, exactly as described under 
copper (p. 242). “ Sinter roasting is also practised. In this 

method the charge is heated to su(‘h an extent that it agglomerates 
into a solid mass, which may be broken up into pieces of a ( on- 
vtmient size for blast-furnace treatment. For this purpose the 
charge is made to travel along the bed of a reverberator'^' furilace 
until it is finally “ sintered in Ji specially hollowed out sump 
near the fireplace. For difiicultly fusible ores “ Colorado ” 
roasters are used. These arc simply stepped furnaces with three 
or four hearths, the last being, in fact, a reverberatory furnace 
arranged for fusion. The Dwight and Lloyd machine is largely 
used for continuous sintering of the ore in a thin layer. The 
damped material is delivered on to the face of a rotating drum 
formed of grate bars, and is immediately carried over some form 
of igniter. Air is then drawn through the ignited mass to main- 
tain vigorous combustion, and the sintered material is after- 
wards removed from the drum automatically. Several new 
methods of roasting galena have been introduced, in which the 
ore is mixed with lime or gypsum, damped, and fed on to a small 
fire in a converter shaped vessel through which air is blown. The 
Huntington-Heberlein process is perhaps the best knowfi, and is 
very largely used. The crushed ore is first roasted with silica 
and limestone, most of the sulphide being converted into sulphate. 
After cooling, the charge is transferred to the converters, which 
are nearly hemispherical iron pots carried on trunnions, and in 
which a small fire is first lighted. As the layer of ore increases 
the blast is also increased, finally reaching to a pressure of about 
16 ozs. per squarjC inch. The whole mass gradually gets red hot 
and sinters ; it is then tipped out, allowed to cool, and broken 
up. The chemistry of the process is not clearly understood. 
Desulphurisation is nearly complete, and very little lead sulphate 
is left. R. Tandler conveniently sums up the reaction thus — 

PbS + CaO + 2O2 = PbO+ CaSO^. 

A similar process hap been devised by Messrs. Ceirmichaei and 
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Bradford of the Broken Hill Proprietary Company. The galena 
concentrates and slime are mixed in a pug mill with dehydrated 
gypsum and moistened with water. The mass solidities owing 
to the hydration of the calcium sulphate, and is afterwards 
treated in converters exactly as in the Huntington -Hoberlein 
process. The capacity of the blast furnace is very largely in- 
creased by the use of ores prepared in this way by either of the 
above processes. Still another method of preparing material for 
blast-furnace treatment is to convert it into briquettes, and this 
method is often practised. 

The^la^ furnace used for lead smelting is of various forms, 
being either cirowlar or rectangular in section, and is usually 
of nearly uniform diameter throughout its length. The lower 
part of the stack (bosh) is fitted with twyers, and is now always 
water-jacketed. The type used in Germany is known as the 
Pilz fnrmce, and is circular in section, about 25 feet in height, 
and 6 feet diameter. The stack is usually of masonry and the 
water-jacket about 20 inches high. The circular furnaces used 
in America are very similar, but somewhat smaller in diameter, 
and with much deeper water-jackets. Modern furnaces of a 
large capacity are nearly always rectangular, about 3 feet 6 inches 
wide, up to 12 feet long, and about 20 feet in height. The three 
essential portions of the furnace are (1) the hearth which receives 
the molten metal ; it is built of firebrick lined with clay, and is 
about 2 or 3 feet deep ; as the metal must be kept melted, the 
hearth is not water-jacketed. (2) Above the hearth is the water- 
jacketed portion fitted with twyers. (3) The shaft or stack, 
usually made of iron and lined with firebrick, carried on girders 
supported on iron columns. The lower portion of a modern 
furnace is shown in the accompanying figure. 

The hearth is always kept full of molten lead, which is drawn 
ofi continuously by means of a siphon tap. Suitable arrange- 
ments are made for drawing off matte and slag as they accumulate, 
and a separate forehearth is sometimes used for their separation, 
as described under copper (p, 246). In charging the furnace the 
materials are not mixed, but put in separate layers. The fuel 
used is generally coke, occasionally mixed with a little charcoal. 
Coal is seldom used. As a flux oxide of iroi^is nearly always 
required, and is best used in the form of hjematite as free as 
possible frDm silica. Limestone may also be required, and this 
should also be as pure as possible. The furnaces are sometimes 
charged through the top ajid sometimes through side openings. 
Various devices are in iise for automatic charging, and the cup 
and cone arrangement similar to that used in iron smelting blast 
furnaces is cQpiing into nibre general use. ^ The air-blast is supfffRd 
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»i’hi(*h ta,ke place in the furnace have already been indicated. 
The lead present .as oxide is reduced partly by carbon monoxide 
a nd partly by solid carbon ; that present as sulphide is “ pre- 
ripitated '' by iron which is formed by the reduction of ferruginous 
compounds added as flux. Any silicate present is reduced by 
carboy in the presence of ferrous oxide and lime, while lead 
sulphate is reduced partly by reaction with lead sulphide, or is 
converted to lead sulphide by carbon, and this sulphide decom- 
posed by iron. The products of the above process are ( 1 ) impure 
lead or bullion which is further treated in the manner described 
below f ( 2 >matte or regulus consisting chiefly of ferrous sulphide, 
and carrying wilji it copper sulphide and a portion of any zinc 
and arsenic that may be present in the ore ; (3) slag consisting of 
a double silicate of iron and lime with silicates of other metals. 
The nature of this slag is very important in blast-furnace work ; 
it must ,be sufficiently fusible and not too dense to allow of 
separation from the matte ; the slag aimed at is almost always 
of the monosilicate type ; (4) fume, the treatment d! which has 
been considered above. 

The products of the well-known Freiberg process — which is 
mainly notable for its highly systematic method of working, 
whereby the whole of the valuable constituents of the ores 
treated — viz.^ Pb, Zn, Bi, Ag, Au, As, CUSO 4 , FeS 04 , MnS 04 , 
Ni, and Co as arsenides, As 40 ,.„ As^S;^ and As^So, are recovered 
—are siihilar to those mentioned above, a crude or “ work-lead,*’ 
a matte and a slag being produced, and occasionally a 8j>eiss rich 
in nickel, cobalt, silver, and arsenic. In these processes an 
alternate roasting to remove sulphur, and reduction of the 
resulting oxide, are the characteristic features, a fraction of the 
lead being obtained by each pair of operations. 

For tfie treatment of mixed lead-zinc sulphide ores, see under 
Zinc, p. 291. 


Treatment of Crude or Work 

Lead (Werh-hlei ). — The chief 

impurities in crude lead are antimony, copper, arsenic, bismuth. 

silver, and iron. An analysis of a 
arsenical ore) is as follows ; — * 

Freiberg crude lead (from an 

Per cent. . 

Lead, .... 

. 97-72 

Arflenic, .... 

• 1-36 

Antimony, 

. . . 0^/2 

Iron, . • . 

(Sapper, . . . . 

. . . . 0-07 

0-25 

•Silver, . . . 

0-59 


Two of the most de«irable qualifies of lead are its softness/ 
arid plasticity, properties which are impaired by the presenc^^f 
impurities. •^Sfost of the'impurities of le^d -(except silver, copper, 
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and bismuth) aro more oxidisable than the metal itself. The 
process of improving or softening consists in exposing the molten 
lead to an oxidising atmosphere. The furnace used for the 
purpose is of the reverberatory type, with a hearth consisting of 
a wrought-iron or mild steel pan lined with firebrick. The 
hearth is generally water- jacketed at the sides to dirniipsh the 
corrosive action of the oxides formed.* The pig lead is melted, 
run into the pan, and allowed to remain in an oxidising atmo-, 
sphere. The dross whicli rises to the surface is raked off from 
time to time, until a sample ingot of the lead shows a crystalline 
surface. The lead in the dross is recovered by reduction with 
coal, and is sufKciently rich in antimony to bq sent to the type 
foundry. Copper, although less oxidisable than lead, forms a 
mixture with it which is less fusible than lead and sufliciently 
light to rise to the surface as the metal cools, and is skimmed off 
with the dross. Bismuth cannot be got rid of in the softening 
process, but is concentrated with the silver in the Pattinson 
process described later ; it is usually present only in small amount. 
When the lead is rich in copper, it is advantageous to liquate it 
before improving. A liquation furnace is a reverberatory furnace 
with a liearth which slopes from the fire-bridge downwards, and 
terminates in a well. The pigs of lead are placed at tli(‘ top of 
the slope, and the temperature so regulated as to^ little exceed 
the melting point of lead, which flows down into tlic well, h'aving 
behind the less fusible impurities, su(‘h as copper — sulphur a,nd ^ 
arsenic being also partially separated in (“ombination with the 
metallic* impurities. The softening process is a necessary pre- 
liminary to desilverisation, because the impurities piesent inter- 
fere with both the Pattinson and Parkes processes. 

Processes for Desilverising Lead. — The n^moval of silv(u* from 
lead may be effected by taking advantage of the fact t*hat lead 
is more easily oxidised than silver, as in the laboratory method 
of silver assay. Inasmucli as it is in this case necessary to 
subsequently reduce the lead oxide formed, such a i)rocess can 
only be profitable when the lead is comparatively rich in silver. 
This is the principle of the process formerly in use. It is now 
customary, however, to submit the argentiferous lead to a con- 
centration procej^, wliereby an alloy rich enough to be profitably 
oxidised by cupellr.tion can be obtained. There are two distinct 
methods for this purpose in use. * 

Pattinson's process depends upon the fact that win;*!! a bath 
of argentiferous lead is allowed to ccypl gradually, crystals of lead 
poorer in silver than the* rept of the baj-h first form. This con- 
dition obtains until the lead contains 6(K) to 700 ozs. of silver to 
the ton, when such spontaneous segregation ceaseg?,^. So small a 
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quantit^^ as 2 to 3 ozs. of silver to the ton of lead may thus bi 
extracted, although the limit for profitable working depends oi 
the market price of silver. The Pattinson plant (Fig. 39) con 
sists of a series of cast-iron pans, holding 10 to 20 ton^ each 
represented in the diagram. Each is heated by its own furnace 
The ^ead to be desilverised is run into a pot near the*middl 
of the senes— e.g,, No. 5. The lead is kept melted for a shor 
time, skimmed from dross, and is then chilled, sometimes b^ 
sprinkling water on the surface, and the cake of solidified leac 
broken up with a “ slice and stirred into the bath. The stirring 
is coAtiniied until J to J has solidified, according to whethei 
the “ high or low system (v.i.) is being used. The crystah 
poorer in silver than the original lead are now fislied out b} 
means of a perforated ladle, a, working on the block, d, as i 
fulcrum, and transferred to pot No. 6, while the liquid portior 
is •transferred to pot No. 4. A fresh batch of lead of the same 




1 ■ t 

Fig. 30. — Plant for Pattinson's proc-Hs. 

ot silver as tliat previously used is run into pot 5, and 
the process repeated until pots 6 and 4 contain sufficient lead 
to allow of their contents being fractionated in the same way, 
the poorer lead of each fractionation going to the pot immediately 
to the left and the richer to the right. 

It will thus be apparent that the extreme right-hand pot 
(“rich pot”) will be continually receiving lead rich in silver 
and the extreme left-hand pot (“market pot”) is continually 
receiving lead almost completely desilyerised — e.<j.. containing 
only J oz. Ag per ton, and ready to be cast ^to marketable pigs. 
It IS obvious that as there k a regular gradation of content of 
silver throughout the series of pots, crude lead of any content of 
silver can be worked up together with another of a different 
content by startmg each m its appropriate pot. In the high or 
i system, the content of silver is approximately doubled at each 
separatiom ^ In the low.3r or J system the increase of silver oMitent 
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is about three fold at each step. The low system is particularly 
applicable to the treatment of comparatively rich lead. 

The dross formed is worked up with lead slags in the manner 
already described. An incidental advantage * of the Pattinson 
process is that it is an improving process apart from its use for 
desilverising. This results from the free exposure of the melted 
lead to the air. The double function causes the use of the 
Pattinson process in white lead making, where the purity of the 
lead is essential for success. In some cases a single pot is used, 
provided with draining grates and an inlet for steam. Repeated 
crystallisations are carried on as in a Pattinson battecy ol pots, 
steam at 50 lbs. pressure being admitted to take the place of 
liand stirring with a slice, and the still molten rich lead is tapped 
off, leaving the crystals on the grating.. It is claimed that the 
steam equalises the crystallisation better than stirring does, 
and at ‘the same time improves the lead by provoking -limited 
oxidation. This modification is known as the Luce-Rozan pro- 
cess, and hr.s been frequently adopted in place of the original 
method. 

Parkes* Process. — This method is an example of the purifica- 
tion of a metal by extraction with an immiscible solvent. It 
depends upon the fact that fused lead and ziiu* are not miscible 
in all proportions, but each dissolves the other to a limited 
extent,* and that zinc alloys more easily with silver than does 
lead. Thus, when zinc is melted in a bath of argentiferous lead, 
a partially oxidised alloy of lead, zinc, and silver rises and solidi- 
fies, constituting a scum on the lead. The process is conducted 
in pots, a section of one of which is represented in Fig. 40. Con- 
trary to the requirement of the Pattinson process, whi(*h is that 
the temperature shall be maintained at or near the fusing; point 
of lead (325° C. = 617° F.), the bath in the Parkes process'^is kept 
somewhat above the melting point of zinc (415° C. = 779° F.) 
in order to ensure perfect admixture. The lead is charged into 
a pot. A, where it is melted ; an ingot of zinc is then thrown 
on the surface, and when this is fused the rest of the zinc is added, 
the quantity necessary depending upon the richness of the lead 
in silver, and var>dng from IJ to 2 per cent., though in modern 
practice as much as 6 per cent, is often used. The wdiole is then 
stirred, eitbzr mechanically or by the admission of steam, in 
which case a high temperature must be avoided lest the steam 
oxidise the zinc. After the stirring has been continued for half 
an hour, the- fire is damped down arjd the crust of zinc-lead- 
silver alloy, termed technically zinc amalgam (containing, for 

* At 400® C. = 752® F., lend dissolves 0'8 per cent, of zinc ; zinc, at its 
fusii-^y^ioint, dissolves 1 ’5 ^er cent, of lead. ^ 
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examplf, Pb 55 per cent., Zn 40 per cent., Ag 5 per cent., mixed 
with oxide),* is allowed to solidify, and removed witli a perforated 
ladle. The lead is then baled out or removed by the pump, B, 
which consists of an iron cylinder fitted with a valve, C, opening 
inwards, an exit tube, D, and a steam admission tube, E. The 
molten metal lifts the valve, C, and finds its level in the cylinder, 
B, being then driven by steam pressure up the exit tube, D, 
into the delivery tube, F, whence it flows into the pig mould, G. 
When the lead in the cylinder has all passed over, the pressure 
of steam is automatically relieved through the exit tube, D ; 
lead a^aii^ flows into the cylinder, and the process is repeated, 
the emptying ac^tion. being almost continuous. The removal of 
the small quantity of zinc Avhich remains dissolved in the lead 
is a difficulty of the process, and several methods have been 
adopted. Treatment in an improving furnace (v.s,) has been 



f Fig. 40. — Plant for Parkes’ process. 

A, Melting pot ; B, pump ; C, valve ; D, exit tube ; E, steam admission 
tube ; F, delivery tube ; (J, pig mould. 

used. Another plan consists in stirring the zinciferous lead with 
lead chloride which converts the zinc into ZnCl.„ an equivalent 
of lead being reduced. Steam may also be used to oxidise the 
zinc, or an oxidising fusion in a blast fi}ri;;ace may be adopted. 

The zinc alloy skimmed off is first liquatt^ to rppqpve most 
of the lead. The lead goes hack to the P&rl^es pots, and the 
remaining alloy (Zn and Ag) is heated in a graphite distillation 
erueible*(see Zinc), together with wood charcoal, zinc front the 

* It is claimed that thei|ireseiice of a fima^l proportion of aluminium (0*5 
per cent.) in the zinc used will much diminish the proportion of oxide in 
the alloy. ^ , t 
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alloy and from the oxide being thus recovered.* Th^' residue ’ 
is then worked up for silver (q.v.). The Parkes process has 
largely repla(.‘ed the Pattinson process except for the manufacture 
of “ chemical lead (e.g.. for lead sheets for sulphuric acid 
chambers), for which lead (,‘ontaining traces of zinc is not suitable. 
At some works — c. 7 ., at Freiberg — the Pattinson and Parkes < 
processes are combined, the former being used until tlie rich 
lead contains only 50 ozs. of silver per ton, when it is treated ^ 
by the latter. 

The subject of cupel lation — ^. 6 ., the separation of silver when 
present in considerable amount from lead, by the o^idalion of 
the latter, will be dealt with under Silver. 

Electrolytic Winning and Refining of Lead. — It is not probable 
that a successful method of winning lead from its ores by means 
of electrolysis will be devised. An attempt has been made at 
Niagara Falls to reduce galena electrolytically to spongy lead. 
The crushed galena was placed in a number of shallow saucers 
made of antimonial lead. These saucers, insulated from each 
other by rubber rings were piled in the form of a column in a 
vessel containing dilute sulphuric acid as the electrolyte. The 
whole set was run in series, the outer surface of the bottom of 
each pan being a cathode and the galena itself an anode. The 
arrangement is represented diagrammatically in the figure. 

The cathode product, spongy lead, was washeti free from 
gangue, and used either for accumulator plates or for the pro- 
duction of red lead or litharge. Other attempts have been made 
to electrolyse fused galena. E. F. Kern has patented a process 
in which the electrolyte is lead chloride (fusing at 500° C.) satu- 
rated with lead sulphide. Galena is fused and cast into anodes. 
The reduced lead is said to be malleable and free from sulphur. 

I 

Attempts to refine crude lead electrolytically have met with a 
qualified success. When lead is rich in silver (e.q., contains as 
much as 180 ozs. per ton) it is said to be capable of profitable re- 
fining by electrolysis. For this purpose, thin plates of the lead are 
enclosed in sacking and serve as the anode of an electrolytic cell 
charged with a solution of lead sulphate in sodium acetate 
heated to about 40° C.f= 104° F. The cathodes are of pure lead. 
The lead dv^positea pn these soon strips off and falls to the bottom 
of the bath. When the anodes have nearly dissolved the gold 

* B)lectrolytic refining of the alloy has been attempted. The alloy 
is cast into slabs to serve as anodes, from 'which the zinc is to be electro- 
lytically dissolved and re-deposijed, leaving tbe silver and lead. It is, 
however, difficult to deposit zinc el^'ctrolytically from any but an alkaline 
bat'- 
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and silver which have collected in the bags may be worked up. 
The lead need not be “ improved "" previous to refining. This 
process, due to Keith, has been modified by Tommasi. The 
cathode is a large* disc of copper or aluminium bronze which 
revolves between the lead anodes, and is only partly immersed 
in tl)^ electrolyte. The latter is a solution of lead acetate in 
sodium or potassium acetate. The freshly deposited lead is 
scraped ofE the revolving disc mechanically, collected in gutters, 
and afterwards treated. 

Neither of these processes is used commercially. The most 
promlsin^f method of refining lead electrolytically is that due to 
Betts, in which* a solution of lead in hydrofluosilicic acid forms 
the electrolyte. Lead is readily precipitated from such a solution, 
and if gelatin be added the metal is obtained in a compact form. 
To prepare the electrolyte hydrofluoric acid of 35 per cent, 
strength is converted into hydrofluosilicic acid, H^jSiF,., by 
filtering through a bed of quartz. White lead is then added, 
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Fig. 41. 

any sulphuric acid present being precipitated as lead sulphate. 
The fiTtered solution contains about 8 per cent, of lead and 15 to 
16 per cent, of HoHiF,.. In addition, 400 to 500 grammes of 
gelatin are used for every ton of lead deposited, being added 
from time to time as a solution in hot water. The lead to be 
refined is cast into anodes of suitable size. The cathodes are 
thin sheets of steel covered with non-adherent coats of lead. 
Electrolysis is carried out at a temperature of 30° to 35° C., the 
electrolyte being circulated from vat Kt vat, avoiding exposure 
to the air as far as possible. Each vat or \v't)oden.,^''nk contains 
22 to 2^ anodes and 23 to 39 cathodes. In future cement vats 
will b^ used. A large part ((»ne-quarter to one-third) of the 
anodes is converted into^ sludge which is periodically removed, 
washed, and treated in a reverb^raiory furnace, a very fusible 
antimonial lead oxide being obtained, besides metallic lead con- 
taining t^e precious lA ?tals and any bismuth, and an argen^iforous 
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copper slag. Most of the arsenic present is volatilisea. The 
method is being used at Newcastle and in the United States, its 
chief advantage being its small loss of lead and comparatively 
large recovery of other metals present. 

Uses of Lead. — For the use of lead as a structural material, 
for its employment to resist mineral acids {e.cj., in vitriol cha^iibers) 
and for the manufacture of paints, see the sections allotted to 
these subjects, \'ol. II. Large quantities of lead are also used 
for the plates of electric accumulators. 

Commercial lead is one of the purest metals industrially pre- 
pared, as may be seen from the following analysis : — n 


Load, . 
('opper, 
Antimony, 
Zinc, . 
Iron, . 
Silver, 


i)iC983/ per cent. 
n'0014 
0 0037 
0001(1 
O-OOK) 

0 0080 ,, - 
100-0000 


Most of the impuritie.s of lead tend to harden it. The specific 
gravitv of the pure metal is 11 ’35. and the melting ])oint is 
325° C. = 617° F. 

Lead Alloys. — The principal alloys of lead are those with tin, 
antimony, and arsenic. The term “ white metal lias been 
applied indiscriminately to alloys of lead, antimony, and tin, 
or any two of these metals. 

Lead and tin do not form compounds but mix in all 
proportions. An eutectic is formed containing 37 per (!ent. 
of lead, and having a melting point of 180° C. The lead-tin 
alloys have a greater tenacity and are more fusible than 
<jither metal. Thus pewter (20 per cent. Pb, 80 per cent. Sn) 
is a strong alloy not easily corroded, the safety of which for 
drinking vessels is impaired if the proportion of lead be sensibly 
increased. Common solder (tin solder) consists of equal weights 
of lead and tin ; plumber's solder 2 parts by weight of lead 
to 1 of tin (see p. 43). Fine solder has the composition 2 of 
tin to 1 of lead. These alloys have a lower fusing point than 
either constituent has— c.'/., common solder melts, at 100° C. = 
374° F.— the fusing point rises w-ith the percentage of lead 
when the proporl-ion 1 of lead to ^2 of tin has been exceeded. 
The suitability of these alloys for soldering purposes is due to 
the fact that they have two points o^, solidification, one for the 
eutectic alloy contained and another for tl\p excess of free metal 
present. Between these two points the alloy remains in a pasty 
cond-tlon suitable for the plumber's use. 
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Lead^nd antimony also mix in all proportions without forming 
compounds, the eutectic in this case containing 13 per cent, of 
antimony with a melting point of 228° C. The framework of 
accumulator plates is generally madf, of lead containing up to 
4 per cent, of antimony. 

Pure lead'-antimony alloys are, however, little used, as they are 
not sufficiently strong. To increase their strength tin is added ; 
this forms a hard compound with antimony possessing the formula 
SbSn. The alloy is then composed of these hard particles em- 
bedded in a softer matrix, a condition which makes for mechanical 
strength. «Type metal contains 70 per cent, of lead, 18 per cent, of 
antimony, 10 pei^cent. of tin, and 2 per cent, of copper. Stereotype 
metal has 82 per cent, of lead, 14*8 per cent, of antimony, and 
3*2 per cent, of tin. The function of the antimony in these alloys 
is to produce a metal hard enough to withstand the pressure of 
th^ printing machine. White metal (antifriction metal) is also 
lead hardened with antimony, and containing tin — e.g,, 75 per 
cent. Pb, 15 per cent. Sb, 10 per cent. 8n. Antimony may vary 
from 10 to 18 per cent., but should not exceed the latter figure 
or the alloy will be brittle. Magnolia metal is a similar alloy, 
containing, in addition, about 0*2 per cent. Bi. For 
making shot for sporting guns, lead is slightly hardened 
by arsenic, which also appears to favour the assumption of 
sphericity by the drops of melted metal as they fall down 
the shot tower. They are commonly blackened by reception 
in a solution of sodium sulphide, or by tumbling with grapliite.' 
On account of the low fusing point and plasticity of 
lead, it can be formed into rod and tube by forcing it, while 
just at its melting point, through a die, plain for rod and cored 
for tube. To obtain a liarder tube than is afforded by pure 
lead (c.y., “ compo."’ tube) some antimony is commonly added. 
The analyses set forth above are only given as indicating the 
general nature of these alloys, the composition of which varies 
widely. • 

. ZINC. 

Zinc does not occur native. Its chief 4 Tes are as follows : — 

1. Blende (zinc sulphide, ZnS).— This milietal .pyyurs asso- 
ciated with sulphides of lead| iron, and coppjer ; it is usually 
black (wlfence the mining name “ black-jack ”)y from the presence 
of these inapurities, and lustrous. It is the chief source of the 
metal. Good ordinary sa&ples contain about 50 per cent. Zn ; 
pure ZnS contains 66y)er cent. ?nT It often contains cadmium 
sulphide. ^ 
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2. Calamine (zim* rarbonate, ZuCO.,). — This is also c^jloured 
by iron, frequently beinjif brown, from the presence of ferric 
oxide. It may contain about 10 per cent, of zinc instead of 
52, which is the theoretical percentage. An ore consisting of 
hydrated oxide and carbonate, ZnCO., . 2Zn(OH)o, is also worked. 

3. Siinc Silicates. — The most abundant of these is elecirw, 
calamine, Zn^SiO., . H.,0, so called from the fac,t that it is said 
to become electri{‘- on heating. It is usually white. It is often 
confounded with calamine, which it resembles in physical pro- 
perties. Willemite, Zn.,Si(),, is anoth('v zinc silicate which is 
worked. 

4. Red Zinc Ore (zinc, oxide, ZnO) owes its colour to the ])re- 
sence of oxides of manganese and iron. It may contain as much 
as 75 per cent, of Zn. It is seldom found alone, but is usually 
disseminated through Franklinite. 

5. Franklinite, (ZnFeMn)O (FeMn)20;3, may be regaraed 
as magnetite in which ferrous oxide is partly replaced by zinc 
oxide. The^ iron is also associated with manganese, to which 
the peculiar colour of the mineral is due. Very large deposits 
are found in New Jersey. 

The chief zinc-yielding districts are Belgium and the Rhine 
country, Silesia, Greece, France, United States, and this country, 
though the amount obtained here is comparatively small, Cum- 
berland, Wales, and the Isle of Man being now the chief districts 
of supply. Zinc and lead ores are frequently found together and 
worked in concert, notably in New South Wales. 

The winning of zinc differs from that of the metals already 
considered, chiefly in the fact that the volatility and heat of 
combination with oxygen of zinc are greater than those of these 
other metals (Fe, Cu, Pb). The boiling point of zinc is about 
930"^ C. = 1,706° F., and its vapour is capable of reducing water 
vapour and carbon dioxide, properties which prevent its being 
smelted in a blast furnace. It is sometimes, however, feasible 
to treat ores of zinc in a blast furnace, but only as a means of 
obtaining a pure oxide ; the metal is reduced in contact with the 
solid fuel of the furnace, volatilised, and burnt again to oxide 
by the exit gases ; the oxide is then collected and reduced in the 
ordinary way (v.i.). The reduction of zinc oxide by means of 
solid car^''"". id ileptesented by the equation — 

.ZnO 4* C = Zn -f CO. 

The decomposition of ZnO^absorbs 85' Cal., whilst the formation 
of CO evolves 29 Cal. Thus^he above reaction is endothermic 
to extent of 56 Cal., which quantity of heat has tp be supplied 
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* thiouglPthe walls of the retort in which the reaction is carried 
out. 

Zinc ores are usually subjected to some preliminary process 
of concentration. The ore may be bjjpken by hand or by means 
of jaw -crushers. The methods of separation include hand 
separation, gravity separation, magnetic separation, and flotation 
separal^ion. The process often involves repeated crushings and 
siftings through cylindrical trommels, etc., into various sizes, 
each size being separately treated ,by a gravity process, either 
wet or dry, by means of jigs, table concentrators, etc. As 
regard^ magnetic concentration, the ,\Vether^^j machine is 
perhaps most generally used. For the discussion of the 
above methods, and of the subject of flotation concentration, 
see p. 168, et seq. 

The next step in the treatment of the ore, whetlier it be blende 
or tjalamine, is the roasting of it to oxide. When calamine (zinc 
carbonate) is treated, it may be roasted, like limestone, in running 
kilns (see Lime), or in reverberatory furnaces ; the aJjject of the 
roasting is to avoid the presence of COo, which would oxidise 
the zinc in the retort in the subsequent distillation process. 
When blende (zinc sulphide) is roasted, much of it is converted 
into zinc sulphate, which can only be decomposed at a tempera- 
ture considerably above that necessary to convert the sulphide 
into oxide. ^To avoid the formation of zinc sulphate as far as 
possible the blende is coarsely crushed and the roasting is con- 

' ducted in shaft or reverberatory furnaces. More recently large 
mechanical furnaces have been used, these being either revolving 
furnaces, long-bedded furnaces with mechanical stirrers, or 
muffle furnaces (see under Cofper, p. 242). A shaft furnace is 
sometimes used for a preliminary roasting. If the ore is in the 
form of a powder a reverberatory furnace is used. When the 
gases given off are to be used for the manufacture of sulphuric 
acid, kilns of the Gerstenhofer type or muffle furnaces are used, 
the latter yielding gases rich in sulphur dioxide, besides calcining 
the ore thoroughly. The roasted ore contains very little zinc 
sulphate, and, according to Voigt, is free from zinc sulphide, 
most of the residual sulphur being present as sulphates of lead 
and calcium, and as calcium sulphide. / considerable quantity 
of fume is obtained during the roasting ; Ihi^' some. 

10 per cent, of zinc as sulphite, which is leached out and pre- 
cipitated *a8 zinc carbonate. 

The nnely-ground calciged ore is mixed with about hai»f ite 
weight of powdered coke or non-c^iug coal, and the mixture is 
charged into retorts. * These au.^ of two forms, known respec- 
tively as the ^Belgian an^ the Silesian retort. The former, m^irked 
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a in Fig. 42, are fireclay tubes, either circular or ellij[ioical in 
section, about 4 feet long, 8 inches internal diameter, and 1 inch 
thick in the walls ; these are set in an inclined position (to facilitate 
charging and discharging) above the grate of a solid fuel furnace, 
or in a producer-gas furnace usually working regeneratively, 
similar‘‘to that used in steel-making (p. 197). The capacity of 



L*’ig, 42. — Belgian zinc retor t. 

Uy Fiioclay lu!)e.s ; 6, clay receiver’ ; r, ])ol. 



1 --' « 

Tig. 4:L— Three tier Sieniens-Belgian zinc furnace (Ingalls). 

the furnaces varies considerably. Coal-fired furnaces may take* 
48 oz more retorts arranged in six to nine rows. In gas-fired 
furnaces only three to five rpws are used, but these are much 
longer, and may contain from^5p to 70 retorts in each row. The 
furnaces may be built singly or arranged in pairs or groups of 
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four. Ji modern three-tier Belgian furnace working legener- 
atively is shown in the accompanying figure. 

The charge for a modern Belgian retort is about 63 lbs. As 
soon as the retorts are charged they are fitted with the clay 
receivers, 6, which are from 16 ta'24 inches long. When the 
temperature is sufficiently high, reduction commences, and after 
a tinfce metallic zinc begins to volatilise. Conical sheet-iron 
condensers, c, each provided with a small liole for the exit gases, 
and about 30 inches long, are then attached to the clay receivers. 

The latter (Silesian retorts) consist of O -shaped muffles, 4 to 
6 feet^long, 8 inches wide, and 18 inches in height, each taking 
a charge ^f about J cwt. Modern retorts are often larger, and 
hold as much a£#2 cwts. of ore. The front part of the muffle, M-' 
(Fig. 44), is fitted in its upper half with a clay nozzle, p, which 



is connected with the clay tube, r, leading into the sheet- iron 
adapter, s ; the lower half of the front of the muffle, n, can be 
removed for the introduction of the charge ; the muffles are set 
in row s, back to back, in a furnace with a long central grate, or 
are headed by producer gas with a regenerator in the usual way. 

The details of modern Silesian furnaces vary somewhat. The 
condensers themselves may be kept within the furnace proper, 
only the iron ‘‘ prolongs ” being seen outside. The latter some- 
times communicate, at their upper ends, with condensing chambers 
to retain the last traces of zinc. Other forms of condensers are 
also in use ; the Dagner condenser, for instance, consists of a 
series of clay boxes through which the ^^stillate'^-is made to pass. 

The receivers which are to collect the zinb jn^’^tN^e^j^f a tem- 
perature to keep it fused. *^6 progress f-f' the is 

judged b}^ the appearance of the issuing gases. Brown fumes of 
cadmium oxide first appear, and then zinc vapour, the uncon- 
densed portion of which burns at the end of the condensers until 
the distillation is complete. MuchlgrSy, partially oxidised, and 
finelv-divided zinc collects in the sheet-iron adapters ; this is 

1 A 



290 


METALLURGY. 


marketed as zinc dust for use as a reducing agent, tjsually, 
however, this dust and other residues containing zinc is mixed 
with ore and coke, the charge put into retorts in the cooler parts 
of the furnace, and redistilled. The yield of fused zinc, or spelter, 
as it is commercially termed, is from 70 to 80 per cent, of that 
in the ore. 

In the Jlelgian process the sheet-iron adaptens are emptied 
three or four times daily, the zinc which lais a(‘cumulat,ed in 
the clay condensers being ladled out at the same time. In both 
the Ih^lgian and Silesian methods the retorts are discharged every 
twenty-hour hours, for which purpose steam is somc^times used 
in America. 

A combination of the Bcdgian and Silesian methods is larg(‘ly 
employc^d in Khenish Ihaissia and elsewhere, tlie furnaces being 
often known as “ Rhenish furnaces.” Three rows of (‘lliptical 
rc^torts are commonly used, the bottom row being su])ported 
throughout tlieir whole length upon the liearth, as in th.j »Silesian 
method, while the upper rows are supported at their ends only. 
The furnaces are usually gas-(ired, the air necessary for com- 
bustion being pre-hc^ated by means of the heat of the waste gases. 

Refining of Zinc. — Crucle zinc cionstantly contains load — c.fj., 

I to 3 per (rent.*-— and often traces of arsenic, cadmium, and 
iron. It is refined by melting on a liearth provided at one point 
\\ ith a well, in which the lead settles out in the cou^’se of t wo or 
three days as a heavy lead-zinc alloy, this metal being but sjiar- 
ingly soluble in zinc (sec p. '280). Above this comes a thin 
layer of highly ferruginous zinc'., while the top metal is c;om- 
paratively pure zinc. The latter is ladled out and cast into 
ingots. The hard fcjrruginous spelter is sold to makers of coppor- 
iroii-zinc alloys. The liquated lead contains 2 to 5 per cent, 
zinc, and is used for desilverising and other purposes. In America, 
where natural gas-fired furnaces are used anci smelting costs are 
low, spelter is frequently refined by redistillation, but the product 
still contains 0*25 per cent, lead. Electrolytic methods of refining 
have been tried, but have not been found commetcially successful. 

Commercial zinc usually contains arsenic ; this may be removed 
by adding 0*2 per cent, of metallic sodium to the fused metal, 
skimming off the surtace layer and then granulating the metal 
by pouring into waterl The scum contains practically the whole 
of +hcnirse’nic as a"* sodium-zinc compound, which appears to be 
most stable at a' temperature near the melting point o^ zinc. 

This refining is necessary for zinc that is to be rolleci, as well 
as for that which is to be used for -brass making. It is stated 

* Lead is somewhat volatile i?i presence of iinc, and, therefore, distils 
over jvith the latter in the reducticin process. 
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that tUe malleability is not affected provided the lead be below 
1*5 per cent., but is much reduced by 0*25 per cent, of ii’on. 
Zinc that has been overheated and contains oxide is also unsuited 
for rolling. 

Fume Filtration. — This process, which has a promising future, 
has fgr its primary object that of obtaining zinc free from 
lead as a product when smelting zinc materials containing lead. 
Briefly, the method is to insert between the retort and the con- 
denser a short clay tube containing refractory material through 
which the vapours are “ filtered before condensation. The 
original idfta was to detain the intermingled impurities by softie 
chemical reaction. In the Hopkins' process carbon is used* for - 
th is purpose. This may possess an advantage over other materials 
{which are also used), inasmuch as, in an incandescent state, it 
helps to maintain a reducing atmosphere. The action, liowever, 
appears to essentially mechanical, the heavier constituents 
of the mixed vapours being sufficiently retarded in their course 
of diffusion to effect a more or less complete sepa^ati^n from the 
lighter, which pass on in an almost pure condition. As a result 
a very pure spelter is obtained, and the lead partially recovered 
in the metallic form. There is a tendency, also, to obtain higher 
yields. The process is now being used for obtaining almost pure 
spelter (containing 99*86 per cent. Zn) from such crude materials 
as galvanisers' “ dross," zinc ashes, etc., and in the future will 
doubtless be applied to the direct distillation of ores and lead-zinc 
<jon centra tes. By fitting a similar nozzle or filter to the outer 
end of the condenser the escape of “ zinc fume " into the atmo- 
sphere is said to be almost entirely prevented. 

Treatment of Mixed Sulphide Ores ; Electrolytic Winhing: of 
Zinc. — Large quantities of complex lead-zinc sulphide ores exist 
in New ^outh Wales and various parts of America which do not 
lend themselves readily to ordinary smelting methods. An 
elaborate system of concentration yields five products, four of 
whi(?h can be smelted, with more or less success, for lead and zinc. 
The largest proportion, however, is the . “ iniddlings," the treat- 
ment of which is one of the most difficult of raetaihirgical pro- 
blems. This problem is one of the chief cau8(|s of the various 
attempts which have been made to devr;e je wet or 

electrolytic method of extractmg zinc. A of 

the difficulty has been mentioned in connection with 
filtration,'^ briefly considered above, but this remains to be seen. 
In some of the dry processis which have been devised (e.^.,*the 
Bartlett process) the pjiddlings are|redhiced with coke, the zinc 
volatilised and condensed as a if’ me consisting largely of zinc 
oxide andj^tic lead sfiSphate ; this powder is sold as a ^fWte- 
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lead substitute. In other processes the ore is roasted/ fluxed 
with alkalies in a blast furnace, and the zinc obtained as a slag. 
The latter is then smelted with coal in a basic-lined Siemens 
furnace, the zinc volatilised and collected as oxide. A verv 
large number of wet methods have been suggested, all based 
on similar general principles, and which it is unnecessary to con- 
sider in detail. In almost all of them the ore is roaste<f eithei* 
alone, so as to convert the zinc into sulphate or oxide, or with 
salt, so as to convert it into a mixture of chloride and sulphate. 
The zinc is then leached out (by suitable solvents) and precipi- 
tated as oxide or carbonate, iron and other metals beiiig first 
removed by suitable means, if necessary for a^, white product to 
be obtained. Various leaching agents have been proposed, such 
as water, dilute acids, ammonium salts, and ferric chloride, 
while suggested precipitants for the zinc include lime, sodium 
sulphide, and sodium carbonate. In addition, there remains the 
treatment of the argentiferous lead residues. None of these 
processes can be said to have solved the problem of the treatment 
of complex sulphide ores. 

The Siemens-Halske process is a combined wet and electro- 
lytic process. The ore is roasted at a low temperature and tln^ 
zinc (.‘onverted largely to sulphate. It is then extracted with 
dilute sulphuric acid, foreign metals precipitated by suitable 
means, and the faintly acid solution of moderateh' pure zinc 
sulphate electrolysed between lead anodes and zinc cathodes. 
Sulphuric acid accumulates in the solution, whic'h is again u.sed 
for leaching purposes. The difiiculty of preparing a [)ure zinc 
sulphate solution, and of keeping the electrolyte sufhciently 
pure militate against the success of this method. In ajiother 
Siemens-llalske process the unroasted ore is treated with chlorine 
and leached ; the residues are smelted and the solution is electro- 
lysed. Chlorine is liberated and is used again. 

The Ashcroft process was also designed to treat mixed sulphide 
ores. Tlie latter were roasted and leached with ferrii* chloride 
solution, the residue being smelted for lead. The solution was 
electrolysed first between iron anodes and zinc cathodes, by 
which part of the zinc was precipitated and ferrous chloride 
formed ; then between carbon anodes and zinc cathodes, where 
nj.d'So-of tne rem/^ining zinc was precipitated, ferrous chloride 
being also oxidised to ferric chloride, which was used again for 
leaching. The failure of this method led to the Phoenjx process 
being devised. The fundamental reaction in this process con- 
sists in attacking the sulphides with chlorine at a low red heat 
in a vessel resembling a conve^lter, tapping off the mixed chlorides, 
selectively precipitating the chief metals other than zinc, and 
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finally "bbtaining a solution of zinc chloride approximately pure. 
This solution is boiled down and the zinc chloride electrolysed 
in the fused state between anodes of carbon and cathodes of 
fused zinc, the electrolyte being keptjused by the current. 

Numerous processes for the electrolytic winning of zii^c have 
been Revised by Hoepfner. In one modification the ore, after 
roasting for sulphur, is mixed with 20 per cent, of salt, and again 
roasted to chloridise the zinc. The solution obtained by ex- 
tracting the roasted mass is cooled to — 5° C. = 23° F. to separate • 
the sodium sulphate formed during roasting, and the solution ^ 
of zinc chloride is electrolysed in cells provided with diaphragms 
of nitrated cott<^. The anodes are of carbon, and the cathodes, 
are rotating zinc discs, the electrolyte being kept fairly strong 
in order that a coherent deposit may be obtained. This process 
hag been worked on a commercial scale. Another Hoepfner 
process being worked in this country by Brunner, Mond & 
Co., and is very similar to that just described. The zinc chloride 
is obtained by acting on zinc oxide (roasted zinc ore) with calcium 
chloride solution and carbon dioxide, calcium carbonate being 
produced. This reaction is said to work smoothly. The real 
object of the alkali maker is to recover chlorine from his waste 
calcium chloride liquors. 

Mond hag devised the following apparatus to overcome the 
difficulties experienced in obtaining a good adherent deposit of 
zinc. The cathode consists of not fewer than three long rotating 
mandrels, the bearings of which are arranged in such a way that 
horizontal motion is permitted. These cylinders are kept pressed 
together by means of springs, and are slowly rotated in the 
electrolyte. To prevent the same parts of the cylinders from 
coming in contact too frequently the cylinders are all of different 
diameters, and to give the deposit a good burnish a slight sliding 
motion is imparted to one of the mandrels whilst rotating. The 
deposited zinc is removed as tubes from the mandrels and cast 
into ingots in the usual way. 

Within recent years attempts have been made to distil zinc 
in the electric furnace. Dorsemagen has proposed to heat a 
charge of calcined siliceous zinc ore and coal in a furnace of the 
crucible type with vertical electrodes. Zirnc is said to be reduced 
and volatilised and silicon carbide left behip8 ; ifi*the presence 
of iron fejro-silicon is formed.* • 

During the last few years zinc has been produced on a com- 
mercial scale in Germany ^nd Sweden (with exceptionally 6heap 
water power) by electrothermic sm|>Jtifig in the De Lavel furnace. 
Fig. 45 shows the form of fl rnace and method of heating 
employ eci^by De Lavd. The finely-divided zinc ore Lswmixed 



Fig. 4C.— -Cute-Picrron zinc furnace. 

with powdered coal, lime°to|\e, and other fluxes, and is then 
submitted to the radiant heat £>f an electric arc in the form of 
fu^naQ^ shown in sectional eleV'ation in the figure.^ By careful 
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fin.nilatioii of the distance of the arc from the ore. and fliixini): 
Thiterials at tiio (‘luir^in*^ end of the furnace tlie ])uritv of tlie 
in uluct can be (‘ontrollcd at will. Details of the apparatus and 
fus( movements for condensiiiir and sepuratinj^ the metallic vapours 

^ not available. The ])rodu(‘t is stated to be remarkably pure*, 
beeitaiiiimg 99*9 per cent, of zinc. The furnace has been used 
chiefly for refining raw spelter. 

A recent process for smelting zinc in the electric furnace is 
the Cdte-Pierron process, which consists in reducing zinc s\ilphide 
by m^ans of iron. The furnace adopted on a commercial scale 
is shown fn the illustration. 

The lower part of the crucible, A, with the projection, 6, he 
made of graphite, and is connected with one pole of the electric^ 
circuit. The roof is formed of refractory firebrick, and is pro- 
vided with openings, e, for the introduction of the charge. The 
zinc vap^)urs pass into the condenser, I, containing carbon. Air 
is admitted through the opening, /, to raise the falling carbon 
to a red heat, so that at a point lower in the condehser the zinc 
“ mist ” may be reduced. The furnace is also used for the manu- 
facture of zinc oxide by passing the zinc vapour to a combustion 
apparatus and collecting the oxide in settling chambers. For 
the production of commercial white zinc oxide, free from iron, 
the reactio^j of lime and carbon with zinc sulphide is utilised, 
a graphite crucible being employed — 

ZnS -f CaO + C ^ CO + CaS + Zn. 

The zinc oxide obtained contains 98*6 to 99*0 per cent. ZnO and 
0*2 to 0*3 per cent, of iron. 

Uses of Zinc. — The specific gravity of zinc is 7 ; its melting 
point i^ 419^ C. = 786° F. At the ordinary temperature it is 
brittle, but between 110° C. and 150° C. it is malleable, so that 
sheet zinc can be prepared at this temperature, and is much used 
for pipes, gutters, etc., for which it is more advantageous than 
iron, both on account of its somewhat lower specific gravity and 
its greater resistance to corrosion. Other uses for sheet zinc 
include its suspension in boilers to prevent corrosion, and for 
gold extraction by the cyanide process^. The printing trades 
also use zinc extensively for process block^. ^J[he use of zinc 
for coating iron has been already dealt witht(p. *30).* Zinc '\diite 
is made directly from ziiu by burning it (see Pigments, Vol. II.), 
and crude spelter is used, with sulphuric acid, as a cheap source 
of hydrogen. The application of thb metal in primary batteries 
has been already explained ;• also for desilverising lead 

(p. 280). Zinc chloride is uaei i^r mercerising cotton, while zinc 
sulpha t^ used in dyefeg and calico pointing. 
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Zinc Alloys. — Brass has already been considered under copper ; 
the zinc used for making it should be as pure as possible. Zinc- 
iron alloys (Zinceisen) may be prepared by immersing clean 
iron sheet in a bath of ziiu- heated to near its boiling point, 
and are also obtained as bye-products in zincing ((jalvani,sirk(j, 
p. 30). They are used as convenient means for introducing iron 
into special copper-zinc; alloys, such as Delta and Bull metal. 
Zinc-antimony alloys are used for thermopiles. The behaviour 
of zinc-lead alloys has been dealt with under the desilverising 
of lead by the Barkes process. Zinc-aluminium alloys ar? now 
important industrially (see p. 353). For German silver see p. 317. 

• 

CADMIUM. 

Cadmium occurs as Grecnockite, CdS, a somewhat rare miiuval 
of no commercial importance. The metal accornpanie:: zinc in 
almost all specimens of ‘its ores, and distils over during the first 
two hours ot zinc distillation as “ blue powder containing 1 to 
8 per cent, of cadmium. The bulk of the cadmium of commerce 
has been prepared from this product by a process of frac.'tional 
distillation. The powder is mixed with coal and distilled at a 
low red heat from cast iron or clay retorts having long sheet-iron 
cones as adapters. The enriched distillate may (‘ontain over 
20 per cent, of cadmium, and is redistilled until a })roduct con- 
taining 99*5 per cent, of cadmium is obtained, aiTording an illus- 
tration of the general applicability of fractional distillation. 
Lately considerable (juantities of cadmium have been obtained 
as a bye-product from the manufacture of lithophone (see Vol. 
II.). in the preparation of the latter the impure zinc solutions 
are purified by boiling with zinc dust which precipitates foreign 
metals, cliiefly cadmium, after iron and manganese have been 
removed. In a new process at Marienhiitte (Upper Silesia) the 
crude solutions are subjected to electrolysis in lead-lined tanks, 
zinc anodes being suspended in the liquor. The zinc dissolves 
in the neutral solution, Avhile foreign metals are deposited as 
slime on the lead lining whkdi serves as cathode. The mud may 
contain from 30 to 70 per cent, of cadmium, and from this it is 
possible to prepai;e criide cadmium, which then serves as an 
anode in the electrolytic separation of the commercial cadmium. 
The metal appears in commerce in the form of sticks. 

Cadmium is a metal standing in many respects between zinc 
and lead. It is soft enough to mark ^paper faintly. It melts at 
321-7° C. = 612° F., boils au 778° C. = J,J32° F., and has a 
specific gravity of about 8-6. v 

Useis^of Cadmium. — The metal is empl6yed in the p-“paration 
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of cerf^in alloys of low melting point (fusible metals), such as 
“ Woods' metal " (see Bismuth, p, 309). Silver dissolves cad- 
mium to the extent of 20 per cent., forming a homogeneous solid 
solution. Plating with an alloy of sijver and cadmium has been 
practised, and is said to have the advantage that the coating is 
not SQ easily tarnished as pure silver. Cadmium is used* exten- 
sively for making silverware, owing to its valuable properties 
as a deoxidiser. It is usually added to the extent of O'f) per 
•cent., and imparts malleability, prevents blisters, and is said 
to improve the whiteness of the metal. At normal prices cad- 
mium is much used for cadmium plating ; on tin the coating 
is very hard, ai^d takes a high polish. Alloys of tin and cad- 
jnium containing 20 to 30 per cent, of the latter are now used 
for anodes in electro-plating the interior of telephone parts in 
plijee of nickel. Alloys of cadmium with gold, silver, and copper 
are easily fusible, and are used for jewellery. With zinc and tin 
cadmium forms alloys which are used as solders for aluminium 
and aluminium-bronze. Cadmium also serves as basis for 
cadmium yellow, CdS, which is used as a pigment (see Vol. II.), 
and in pyrotechny. 


TIN. 

Tin does not occur native. The following are its ores : — 
Tinstone or Cassiterite. — This ore consists of crystals of stannic 
oxide (SnOj,), generally occurring as masses in lodes, or dis- 
seminated in very small veins through granitic rock. The 
denudation of the rocks carrying tinstone has given rise to 
alluvial deposits of the ore in sands, the ore being then known 
as stream4in.* Arsenical pyrites, wolfram, and other minerals 
accompany the siliceous gangue of the tinstone. Tinstone is 
sometimes found light in colour, of regular crystalline form, and 
approximately pure, but is generally dark from the presence of 
oxides of iron and manganese. Considerable quantities of tin- 
stone are still raised in Cornwall and Devon, but the islands of 
Banca and Biliton, the Malay Peninsula, Australia, and Bolivia 
furnish the chief supplies. 

Tin pyrites is essentially a triple sulphide of tin, copper, and 
iron, containing about 26 per cent, of tin, 30 J>e<'‘'d‘eiit. of copper, 
12 per cent, of iron, and 31 pA* cent, of sulpSu*’. Zinc and other 
metals «re sometimes present. This ore is of minor importance, 
and generally accompanies cassiterite ‘to some slight cxtent.c- 
THE WINNING Of TIN.— 1. preparation of Tin Ores.— The 
majority of tin ores are com|Aratively poor, containing, for 
example, J to 2J per (ient. of metallic tin, and a cheap »ethod 
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of mechaiiiciil coiuxMitration is, thorofore, necessary. ►Such a 
method is rendered possible hy the fact that tlie specific gravitv 
of tinstone (()-5) is much higher than that of most of the accom- 
panying gangup (the specific gravity of quartz being 2*7). so that 
by stamping the ore (see Gold) and washing tlie resulting powder 
by a sfrearn of water, the lighter gaiigue is carried further, away 
by th(i water tlian is the heavier tinstone. Various types of con- 
centrators are in use for the treatment of the crushed ore. Of 
these the Frue vanner, in which the ore is waslu'd by a st ream 
of water on an endless belt moving upwards, and the W'ilflev 
table, in which the ore is washed on a vibrating tabl(<- provided 
with riffle bars, are perhaps tlie most largely used. When the 
ore contains a good deal of pyrites, as is usually the case, the 
wastiing will not serve to remove the pyrites because the specific 
gravity of this mineral (5*0) is too near that of tinstone. Tlu^ 
first concentrate — ?.c., the portion heaviest and richest in tin-- 
must, in this case, be roasted in order to convert th<? suljihides 
into oxides,-. and thus reduce the specific gravity of the tnatter 
other than tinstone, the washing being then repeated. As in all 
methods of mechanical concentration, sizing ” of the or<‘ before 
washing is advantageous, since effective separation is only 
obtained when the material treated consists of fragments fairly 
uniform in size (see Gold). Another object of this roasting is 
the removal of arsenic and sulphur, the former being condensed 
in a series of chambers, and forming the main source of “ white 
arsenic (ij.v.). 

Modern roasting plant, such as the Oxiand and Ifocking 
roaster, consists of a long (jylinder slightly iiK'lined towards a 
grate, the products of combustion from which trav(U‘se the 
cylinder from end to end. The cylinder is slowly revolved and 
ore fed in at the upper end, being roasted in its passage and 
falling out at the other end of the cylinder. The upper (*nd of 
the cylinder opens into condensing chambers for the collection of 
arsenious oxide. Other tyjies of furnace, as described under 
Cojyper (p. 242) may also be used for roasting. Before con- 
centrating a second time the roasted material is now frcMpumtlv 
treated by magnetic concentration. The material is made to 
travel on an endl(*ss belt under a .series of other belts running 
at right angle?} tT; the main belt, and behind which magnets are 
arranged siilflciently strong to attract magnetic particles, which 
are then carried away by these transverse belts. The lirst belt 
serveo to remove magnetk; oxide of iyon, and the second belt, 
provided with stronger magnets,, removes wolfram. Each of the 
products may be subjected to urtlier treatment ; usually the? 
tinstorvf thus separated is ready* for the smdter. Wh^i the ore 
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is sufficiently rich in copper to pay for the process, the roasted 
ore is washed with dilute acid and the copper precipitated by 
iron (see Co'pper). Should bismuth be present it is, at the sann^ 
time, dissolved by the acid (which in this case is hydrochloric 
acid), and is precipitated by dilution as basic chloride. As stated 
above, tungsten in the form of ivoljram (a tungstate of iit)n and 
manganese) is sometimes present in tin ores, and on washing is 
left with the tinstone. This may be removed by fusion with a 
small quantity of soda ash (Na.,CO.,), whereby the tungsten is 
converted into sodium tungstate (Na.^W 04 ). This may be leached 
out v^th ^ater, together with a quantity of sodium stannate. 
corresponding w^th the excess of soda ash used. Sodium tung-^ 
state has a limited application in dyeing and for rendering lighT 
fabrics uninflammable. This process for removing tungsten is 
somewhat expensive, and is but little used. The purified tinstone 
ha^ to be further washed to remove the ferric oxide left by the 
decomposition of the woifi-am. 

2. Reduction to Metallic Tin. — Stannic oxide is cjiiily reduced 
by carbon at a red heat. The purified tinstone, “ black tin,” 
contains about 65 to 70 per cent. Sn in place of 78*7 per cent, 
in pure SnO^. It is mixed with about one-fifth of its weight of 
anthracite breeze, moistened to agglomerate it, and introduced 
into a reverberatory furnace. On account of the completeness 
with which •the gangue has been removed, the use of a flux is 
not always necessary, but should the silica present be more than 
sufficient to combine with the oxide of iron, a little lime or fluor 
spar is added. After the temperature has been raised for six 
hours, the atmosphere being kept a reducing one meanwhile, the 
charge is raked, and more anthracite thrown in. The temperature 
is again raised, and the metal tapped off into an adjacent well 
lined with firebrick. Most of the slag flows out with the tin, 
and is mechanically removed from the well, the metal being 
ladled into ingots. The pasty slags which remain in the furnace 
retain a considerable proportion of tin globules, which are re- 
covered by crushing and washing. The slags that flow out with 
the tin are again treated by liquation and smelted, and another 
fraction of tin recovered. The smelting of the slags is usually 
carried out in blast furnaces, a somewhat higher temperature 
being employed than in ordinary smelting. •The" tin obtained 
is somewhat impure, and is us^d for making common tin. Tlie 
final slags’ consist mainly of ferrous silicate. 

Although the use of reverberatory. furnaces is more general, 
small blast furnaces are employed in seyeral localities for smelting 
stream tin, especially Hn Saxony t^e Malay Peninsula, and the 
islands of Baiica and l^illiton ; Lie loss of tin by volatilj^iation 
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is very considerable. The furnaces are usually rectangular ; 
the Saxon furnace is constructed mainly of granite, while the 
so-called “ Chinese furnaces in the Malay Peninsula are some- 
what primitive c^onstructions of rammed clay. The furnaces 
are kept full of the charge, which consists of ore, slag, and charcoal, 
and which is damped with water from time to time to keep the 
furnace from becoming too hot. The reduced tin is collected in 
wells in front of the furnaces, and is afterwards relined. 

3. Reflning of the Tin. — Crude tin contains Fe, Co, W, Cii, Pb, 
As, tSb, Bi, jiud S in varying amounts. In the refining of tin, 
advantage is taken of its low melting point, ‘232^ C. v= 450'^ F., 
bv the use of a licjuation process. T’he ingots are piled on the 
higher end of a sloping hearth and maintained at the melting 
point of tin. The less fusible metals — c.f/., Fe a.nd Cii — together 
with As and 8, remain on the hearth (still containing, however, 
about 20 per cent, of tin), and the bulk of the tin, together with 
the more fusible metals, such as Pb and Bi, is collected in a pot, 
where it is f)oled with green wood ; during this process the 
agitation of the metal by the gases which escape from the wood 
airates it sufliciently to oxidise the more readily oxidisable 
impurities. The metal is allowed to settle in the pot, when 
the remaining heavier impurities subside, the n])per portion 
being ladled into ingots and marketed as refined tin, containing 
09 to 99*5 per cent. Sn. 

Grain tin is refined tin whudi has been heated to a tempera- 
ture at which it. becomes brittle and has beoi broken into frag- 
ments. '.riie less pure grades of tin (common tin) are cast from 
the middle portion of the contents of the pot. The crude tin, 
whether that left on the lic|uating hearth or that separated at 
the bottom of the refining pot, is known as “ hard liead ” ; it 
< ontains about (U) per cent. Fe, 18 ]:)er cent. Sn, 20 per creiit. As, 
and 2 per cent. S, and is re-worked for the tin it contains. An 
ingot of pure tin should be smooth and rounded, sharp edges 
and a frosted surface indicating the presence of impurity, and if 
this be very great the colour may be of a yellow or purple tint. 

Promising attempts have been made recently to “ Bessem- 
erise "" “ hardhead.'" By blowing air through the molten material 
there is produced a highly ferruginous slag, fume rich in arsenic, 
and impure reslJdhl tin. 

Recovery of Tin Irom Tin Plate Scrap.—Electrolytio methods 
of smelting tin ore or of refining the crude metal havc^np indus- 
trial existence. Methods have been proposed, however, for 
treating tin scrap, not only to recover the tin, but to leave the 
iron in a condition suitable epr subsequent treatment in the 
open f'" earth furnace. One eltbtrolytic method is that in which 
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the tin scrap is made the anode in a caustic soda solution, whereby 
the tin dissolves as stannate, and is subsequently deposited in the 
metallic state. The process is attended witli numerous difficulties, 
however, owing to the rapidity with which the causti(‘ soda be- 
comes inactive through absorption* of carbon dioxide, and to 
electro-chemical difficulties arising from the necessity of •keeping 
the bath warm. More promising processes are those in which 
a solution of ferric chloride {Browne and Nell 'process) or stannic 
chloride {Bergsoe. process) is used as a solvent for the tin. In 
the former a solution of ferrous and stannous chlorides is thus 
obtained^and is electrolysed in a series of vats, the outer cathode 
compartments jf which are of concrete and the inner anode ones 
of porous earthenware. The cathodes are of pure sheet-tin, dnk 
the anodes of graphitised carbon. The chlorine liberated at the 
anodes oxidises the ferrous chloride to the ferric state, and thus 
re*generates the leaching agent, making the process cyclic in 
character. In the Bergsoe process the electrolyte is a solutioJi 
of stannous chloride, and the leaching agent is sirpilarly regen- 
erated by oxidation of stannous to stannic chloride at the anodes. 
In both cases tin is deposited at the cathode in the form of large 
crystals. The Goldschmidt chlorine process is purely chemical. 
The tin scrap, absolutely free from moisture and all organic 
matter, is pressed into bundles, packed in baskets, and lowered 
into a lar§e upright cylinder. Chlorine gas is forced in under 
pressure, and is rapidly absorbed by the tin with evolution of 
so much heat as to necessitate the cylinder being cooled. When 
absorption is complete the residual chlorine and stannic chloridi* 
are expelled in the gaseous state, and the bundle of scrap iron, 
after washing, is ready for treatment in the open hearth furnace. 
Where chlorine is available the process is to be preferred to the 
electrolytic methods, 

4. Uses of Tin. — The metal is seldom used alone, save for 
tubes and linings coming into contact with mineral and aerated 
waters ; it is used for this purpose on account of the circumstance 
that it is one of the metals which are not attacked by water. 

Pure tin has a specific gravity of 7*29 ; its melting point, as 
already stated, is 232“ C. It is brittle at ordinary temperatures, 
and is too weak as well as too costly (£160 to £180 per ton) for 
use asf a structural material. It is makeabie c ': 100“ C. = 212“ 
F., and becomes brittle again at 200“ C. ^ 392“ F. Its malW- 
ability allows of its extension to rhe form of foil. Much common 
“ tin foil "" is, however, made from lead coated on each side 
with tin and then beaten thin. , 

The chief applicafion of the manufacture of tin plate 

(p. 32).^ The resist^icey Vf ,tl]f metal to most vegetable and 
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animal juices, and the fact that when it is wiped on to a clean 
surface of copper it adheres as does solder, renders tin useful for 
lining cooking vessels. Its chief alloys are gun-Tiietal and bronze 
(see Copj}(>,r, p. 2()4), solder and pewter (see Lead, p. 284). and 
Britannia metal, wliich usually (‘ontains about 90 per cent. Sn, 
8 per cent. Sb, and I to 2 per cent. Cii. Speculum metal (for 
Tuetallic mirrors) is a white, hard, brilliant alloy, of 2 parts of 
<'opper and 1 of tin, sometimes hardened })y th(^ addition of 
:ir.seni(; ; the tin thus hardened will take a good polish and can 
be electro-plated. Tin-arnalgam (from tin foil and Tnercury) is 
used for making mirrors, and is prepared from tin ♦ontaining 
b’om 1 to 2 per cent, of copper wliich hardens it /.p. 323). 

Other alloys of tin are dealt with under copper and lead. 
Oi;ain tin is made for the express purpose of producing ‘‘ cldoride 
of tin ** (stannous (ddoride, used as a mordant), its finely-divided 
condition aiding its dissolution in hydrochloric acid. 

When tin is exposed to very low tenijieratures its crystals 
become diiT( 4 »’entiated and the metal assumes a grcjy appeaTance 
((frcij tin) ; its specific gravity in this condition is 5*7, but the 
metal reverts to its normal state when heated. spontaneous 

disintegration of tin which has been observed in cold climates 
may be accounted for by its conversion into the grey crystalline 
variety. At ordinary temperatures common white tin is in a 
metastable condition, but the change to stable grey tin takes 
place with extreme slowness ; the rate of change, howeviT, is 
accelerated by lowering the temperature. This grey varii^ty is 
the stable form of tin below 20*^ C. ; between 20'" and 170" C. 
the stable form of tin is tetragonal, wliihj above 170^ (.'. it is 
rhombic. 


.AXTl.MOXV. 

Sources of Antimony. — 'Phis metal occurs native, to a trifling 
extent, in massive form, associated with gold, silver, and arsenic. 
It occurs as sulphide in grey antimony ore (Mmite), This is 
the most important ore of antimony, and consists essentially 
of the sulphide, SboS.,. , It resembles galena in colour, but has 
a lower speciflc«-,giavity — viz., 4'7. It is found in Australia, 
Borneo, Japan, Geriiiauy, France, hsily, and Hungary. The pure 
sulphide contains 72-8 per cent. Sb ; the ores actualh \vorked 
may ^;ontain about 50 per cent. Tlpoantirnonites of different 
metals also occur naturally — e.q., pijraryyrite, 3AgoS . Sb^,S 3 ; 
jainesonite, 2PbS . Sb 2 S 3 . ^ f 

Oxidf 8 of antimony form variiAis minerajs, such as Senarmonite> 
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SboOy, and antimony ochre, Sb.O^. Red antimony or kermes 
mineral is an oxysulphide, Sbo8.j . Sb.0.j. 

Winning of Antimony. — Antimony ores are usually rich enough 
to be worked directly, but a concentration process is practic- 
able, and has been applied ; tlfis depends on the fusibility of 
antimony sulphide, which caif be liquated from the gang«e (see 
Liquakon of Tin, p. 300). The liquation may be carried out in 
a reverberatory furnace, or in crucibles witli an exit tube from 
the lower part, or in vertical retorts worked continuously. The 
liquated antimony sulphide is called “ crude antimony/' the 
metal rttself being known as “ regiilus of antimony.” As in the 
case of lejftl and copper, the sulphide and o»ide of antimony will 
react with each 0ther at a high temperature, with the pi’odiictioiY 
of free metal and BO.,. This is sometimes taken advantage of 
in the self-reduction process. For this purpose the antimony is 
routed until part of it is oxidised to Bb^O^, which is then heated 
in crucibies with raw ore, the following reaction occurring : — 

3Sb.p^ + 2 SIj.,S 3 - lOSb + (ISO.,. j 

It is usual to cover the contents of the pot with a mixture ol 
charcoal and sodium carbonate (or with tartar as an equivalent). 
It is probable that the reduction may be partly due to the removal 
of the sulphur by the alkaline carbonate. 

The redu^ition of antimony is more usually effected by the 
use of iron, as in the so-called “ precipitation ” process for 
.smelting galena (p. 273). Any considerable excess of iroji is 
avoided, as it is soluble in metallic antimony. 

The ground ore is mixed with about one-third of its weight of 
wrought-iron scrap (tin-plate cuttings), one-tenth of its weight of 
salt, and some.slag from a previous fusion ; the mixture is charged 
into firgclay crucibles, holding about 4 cwt. apiece. The actual 
amount of iron required is determined by analysis, and a slight 
excess is used. A ball .of scrap tin plate is put into the mouth 
of the crucible,, a trace of tin in the antimony whitening the metal 
and improving its crystalline appearance (v.t.). Forty such 
crucibles are introduced through the holes in the roof of a long 
furnace having a hearth at each end. As the charge melts, the 
ball of scrap tin is pushed dowp, and in .about three hours the 
reduction is complete. The mam reaciioh is jr^nresented by the 
following equation : — 

Sb.^.j -f 3Fc - 2.Sb 3FoS. 

The contents of the crucft>le is then poured into an iron niould, 
and when it has set th® slag is knecfeed off from the metal collected 
at the bottom. This metal is kr^wn as “ singles,” and contains 
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about 91*5 per cent. Sb, 7 per cent. Fe, and 1 per cent. 8. It is® 
broken up and submitted to the process of “ doubling/' for 
which about 80 lbs. is (-harged into a crucible, together with 
7 or 8 lbs. of liquated sulphide of aiitimonv and 4 lbs. of salt, 
which may with advantage be kelp-salt.* The antimony sul- 
phide is added in order to convert the iron of the crude antimonv 
into sulphide, a corresponding quantity of antimony^ being 
obtained as metal. The fused mass is skimmed and the metal 
cast. 

This metal contains 99*5 per cent. Sb, 0*2 per ( cnt. Fe, 0*2 per 
cent. 8, and is known as “ starbowls.” 

The process of refining antimony is known as starring," 
uecause the finished metal has a stellate crvsbfiline appearance. 

It is carried out by freeing the metal obtained in the “ doubling " 
process from slag, and charging about 80 lbs. of it into the crucibles 
nearest the fire of the same furnace as is used for the preceding 
operations, together with 8 lbs. of “antimony flu::," which 
consists of crude potash ruelted with liejuated antimony sulphide. 
This flux removes the remaining Fe and S ; the efficiency is to 
be ascribed to the ease with which thioantimonites and thio- 
antimonates are formed, the alkali sulphide uniting with antimonv 
sulphide to prodiu^e these substances. Care is taken not to 
saturate the flux, during its preparation, with antimony sul])hide. 
so that it may take up its <|uota from tlie metal. is revivified 
occasionally by the addition of a little potash. The ])urilied 
metal is cast into ingots, and is known as “ star antimony." 

Much fume is produced in the smelting of antimony, and is 
condensed in flues. It consists mainly of oxides of antimony, 
and contains about 70 per cent. Sb, which amounts to about 
10 per cent, of the antimony in the ore treated. It is mixed 
with coke, and worked up with tlie ore in melting for 
“ singles." 

A short process has been introduced, with satisfactory results, 
at Mayenne, France, involving only two steps : — Fusion witli 
scrap iron to produce crude metal, followed by a refining fusion. 
The process is carric'd out in reverberatory furjiaces, and (consists 
ill dropping the heated antimonv ore into a fused bath of iron 
sulphide and iron at a high temperature, whereby it is rapidly 
decomposed. 8eparated antimonv sinks to the bottom, some 
slag is skimmed fron the top, and more iron is added. When all 
the antimony is 1‘educed it is tapped out, the slag and a portion 
of tlie iron sulphide removed, and the remaining iron Sulphide 

a 

* Kelp-salt is obtained in _tho^ manufacture of iodine from kelp, and 
contains some 10 per cent, of sodium carbonate',’ the balance being chiefly 
coramo^ salt. 
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he^ited up ready for the next charge. The impure antimony is 
rehneJ by fusion with soda in a similar furnace. 

Antimony is occasionally won by roasting to oxide and reduc- 
tion with carbon. The process is tedious, and involves five 
stages : (1) Liquation ; (2) oxidation by roasting; the tempera- 

ture of roasting must be kept low, as the sulphide is very fusible ; 
(3) retluction of the oxide with (;oal in reverberatory or blast 
furnaces to yield crude metal ; (4) refining by fusion with soda ; 
and (3) treatment of volatile oxide caught escaping from the 
oxidation roast. In modern practice the ore is sometimes 
smelteil in a water-jacketed furnace to produce a matte con- 
taining a Tittle iron ; this matte is then treated in a small con- 
vtnter to product antimony oxide, which is subsequently reduc^'d 
witli coal. Antimonial lead is now sometimes produced design* 
edly by smelting jamesonite (r/.v.) or a mixture of stibnite and 
galena free from silver in the blast furnace. The product sells 
for its full alloy value. 

French Volatilisation Process.— In recent years there has been 
■ remarkable progress in the metallurgy of antimony.* The older 
process of liquating stibnite ore and precipitating the antimony 
by iron is fast disappearing. The economical treatment of 
auriferous and argentiferous ores was formerly a perplexing 
problem, but it has been solved by the simple volatilisation 
process, introduced and practised in France, and with which the 
names of Chatillon and Herrenschmidt are closely connected. 
The more modern method is to charge the ore with fuel in a 
small shaft furnace, and urge the fire with a large excess of air. 
The antimony sulphide liquates out, is oxidised, and the oxide 
(Sb^O.^) is condensed in suitable chambers and flues in connection 
with the furnace. The purity of the condensed oxide varies 
greatly jn the different chambers of the condensers, though it 
is not uncommon to obtain a product carrying 98 to 99 per cent, 
of oxide. Arsenic oxide is the chief impurity. For reduction 
to metal this oxide is bri(|uetted and charged into a reverberator}^ 
furnace with coke and sodium carbonate in the proportion of 
70 oxide, 7 soda, and 8 carbon. The process is applicable 
to all kinds of ore. The shaft furnace is designed on the lines 
of a gas producer lined with aluminous brick, and with a bottom 
of movable grate bars permitting the tapping the partly fused 
slag. As soon as the charged oigB meets the column in the furm^ce 
volatilisation commences, and by .the time the . .lag is raked from 
the bottom bars the antimony has been entirely driven out, while 
all the precious metals ait retained. The excess heat of the 
shaft furnace is used tcweduce the a:(jitinfony oxide in a contiguous 
open hearth furnace, whic^ with chrome brick. The 
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waste heat from the latter is used for power purposes, The 
various processes, such as the Chatillon and the Herrenschmidt, 
differ mainly as regards the arrangements for condensing the 
oxide. These include chambers, (;ast-iron flues, and tanks, often 
water-cooled, and cotton bags, such as are used in lead and zinc 
smelteries. 

A. Germot proposes to treat molten antimony sulphide by 
injection of air in a converter. The oxygen burns part of the 
sulphur in the ore, producing SO., and antimony, which remains 
in the crucible. The operation becomes continuous by the addi- 
tion of further quantities of ore. The SO 2 escapes at the top 
of the converter, and carries with it antimony sulphide fumes, 
s.hich are condensed in special compartments^ If, instead of 
working in closed vessels, a current of air is brought to act in 
these fumes, antimony oxide or oxy sulphides are produced 
acc.ording to the proportion of air. The products are said tqs be 
suitable for use in the arts, or for subsequent treatment k> produce 
antimony. 

Electrolytic Winning of Antimony.-— Antimony has been pro- 
duced commercially in the form of plates about 2 mm. thick 
by the Siemens and Halske electrolytic process. The antimony 
sulphide in the ore is leached out with a solution of sodium- 
sulphide. The solution is passed through the cathode compart- 
ments of a series of cells, and the antimony deposited on iron 
cathodes. The anode compartments, separated from the cathode 
compartments by porous diaphragms, contain a solution of common 
salt, in which are carbon anodes ; chlorine is given off at these, 
and is utilised for the manufacture of bleaching powder or chlorate. 
The solution passing from the cathode compartments consists 
chiefly of sodium sulphide, containing little or no antimony, and 
is used to leach a fresh portion of ore. The porous dij^phragm 
prevents the oxidation of the sodium sulphide by chlorine. Other 
methods have been suggested, but not used on a commercial scale. 

Properties and Uses of Antimony.— Antimony is a greyish- 
white, hard, crystalline metal, of specific gravity 6*7 ; it melts 
at 630° C. = 1,166° F. Unstable ycllow^ and black modifications 
also exist. The yellow form is obtained by the action of oxygen 
on liquid stibine, at — 90° C., and by the action of chlorine 

on stibine, both dissolved in liquid ethane (0.211^) at — 1(X)° C,’ 
lt.is amorphous, apd above — 90° C. readily passes into the black 
variety. The latter can also be prepared by the rapid cooling 
of antimony vapour, and by the action of oxygen on i^ibine at 
— 40° C. It is an amorphous powder with specific gravity 5*3, 
and when heated passes '^ntp the stable metallic variety. Anti- 
mony is but little used alone. When precipitated from solution 
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by ziiii- it is obtained as a fine black powder, which is employed 
for the purpose of imparting to plaster casts the appearance of 
iron or steel : the powder is known as “ antimony black ” and 
“ iron black/’ The metal serves as a basis for the manufacture 
of salts used in the arts and in medicine (e.g., tartar emetic), 
and of its oxysulphide (antimony vermilion), which is us?d as a 
pigmSit (see Yol. IL). Its chief use is in hardening other meUls, 
notably lead and tin, for type metal, Britiinnia metal, pewter, 
etc. These alloys, including antifriction metals, are considered 
under lead and tin. 


BISMUTH. 

'Phis metal occurs native to a considerable extent, native 
bismut ii being indeed its chief source. It is found in masses 
and in veins ; small deposits occur in Cornwall and Cumberland, 
but Bolivia, Germany, and Australia supply the largest quantities. 
Crude native bismuth contains 7 to 12 per cent. o4 tiu^ metal, 

• the remainder being gangue. The following ores of bismuth are 
found in limited quantities : — Oxide (bismuth ochre), carbonate 
(bismuthite), sulphide (bismuth glance), and copper bismuth 
glance (OCugS + Bi^S^). These ores are rarely found alone, 
being usually associated with other minerals. 

Winning Bismuth. — Formerly bismuth was obtiiincd by 

simply iicating the ore in sloping iron tubes, the liquated metal 
being collected in pots. The method was a wasteful one, and 
has now been entirely abandoned. A smelting method is now 
always employed. The chief difficulty that presents itself in the 
metallurgy of bismuth is the great volatility of the metal This 
precludes the* employment of the blast furnace for the r(‘diiction 
process, •necessitates great care in calcining the ore, and renders 
necessary the use of expensive fluxes to form slags whicJi fuse at 
a low temperature. The application of wet methods of extrac- 
tion is restricted by the difficulty of dissolving bismuth and its 
compounds. 

The ore is first submitted to a concentration process. This 
is somewhat difficult, owing to the brittleness of the minerals. 
An efficient system of hand-picking usually adopted, while 
magnetic separation has also been successfally^pplicd when the 
gangue is of a suitable natures The ore is crushed to an 
appropr^a-lc size and roasted. Bismuth minerals do not lend 
themselves to roasting in heaps and kilns, and for this purpose 
long hearths or multiple h^rth reverb^atory furnaces are used. 
Constant rabbling is necessary I* ktep the mass from agglomer- 
ating, whilejarsenic and antfmQuy tjiust be eliminated by r^ucing 
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arseniates and antimonates in the usual manner — i.e., by .adding 
small quantities of crushed coke. It is also advantageous to 
dampen the fuel, as the presence of steam greatly facilitates the 
elimination of arsenic and antimony by reacting with their 
sulphides, thus : — 

As, 83 '+ 3H,0 = A 8,03 = 3H,S. 

Oxidised ores, of course, may be smelted direct without roasting. 
The smelting process is carried out in crucibles or reverberatory 
furnaces, the former being employed only when small quantities 
of ore are handled. Any small reverberatory furnace may be 
adapted to the treatment of bismuth ores. O^Ving to the pene- 
trating nature of the molten metal, however, it is advisable to 
employ a furnace specially designed for the purpose, in which 
the bed consists of successive layers of sand fritted together und 
saturated with slag. The charge consists of a mixture of ore, 
soda, oxid^ of iron, lime, old slags, from 3 to 5 per cent, of crushed 
coke, and sometimes a little fluor spar. The mass boils during, 
reduction, and when the reaction is over the temperature is 
raised rapidly, and the molten material run into moulds in which 
the different constituents separate. The products of this opera- 
tion are generally crude bismuth, matte containing most of the* 
copper, speiss containing arsenic, nickel, and cobalt, and slag. 
A precipitation process of smelting similar to that used for lead 
was formerly employed, but has now been abandoned. 

A wet method of obtaining bismuth from oxidised ores, such 
as bismuth ochre and bismuthite, consists in dissolving the 
material in hydrochloric acid to saturation, and. precipitating 
the metal by metallic iron. The black sludge thus produced is 
washed and fused in a crucible. When argentiferous bjad con- 
tains bismuth, the last part of the cupellation slag contains the 
bismuth, which is less easily oxidisable than lead. This “ black 
litharge ” is extracted with hot hydrochloric acid, leaving in- 
soluble chloride of lead (and of silver if present), and the solution 
is precipitated by the addition of much water, a bismuth oxy- 
chloride being thus obtained, which is reduced by fusion with 
charcoal and an alkaline flux. 

The Refining, o! Bislmuth. — Saxony bismuth may contain over 
99 per cent, of bioinuth, frequerily as much as 99*7 per cent., 
the chief impurities being As, Cu, and Ag. Cruder samples, froiA 
Peru and Australia, containing 93 and 94 per cent. Bi, 3' to 4 per 
cent. Sb, and some 2 per pent* of Cu,^may be purified by liquation 
on an inclined iron plate. ^ 

Thf method adopted to pufify the metal is exactly similar tS 
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that t'mployed in softening and refining lead (q.v .) — namely 
exposure of the molten bismuth to the oxidising infiuence of the 
atmosphere. The impurities have a greater affinity for oxygen 
than bismuth, and are removed from the surface as dross'. A 
method sometimes employed consists in melting the crust metal 
m iron kettles under a layer of NaOl, KCl, NaOH, and sufficient 
bismuth oxychloride (BiOCl) to convert the lead to PbCl,, a 
corresponding amount of bismuth being set free. Antimony is 
removed in the same way with a flux of soda, potash, and sulphur, 
sodium sulphantimonate being formed, whilst for arsenic the flux 
used is cjftistic soda and nitre. 

W hen speciall^^ pure bismuth — e.g., for medicinal purposes^ 
needed, modes of purification specially adapted for each impurity 
to be eliminated are employed. Thus, according to Matthey, 
argenic may be removed by stirring the fused metal, kept at a 
temperatiire of 395^ C. = 743° F. in contact with air, the whole of 
the arsemc being eliminated by volatilisation as oxide at 513° 
C. = 955° F. Antimony rises to the smface of fused bismuth as a 
film rich in antimony which can be skimmed off, the temperature 
most suitable for the operation being 350° C. = 662° F. The 
antimony oxidises during this process, and forms a glass con- 
sisting largely of oxides of antimony. Copper can be got rid of by 
fusing the ijetal and stirring in sodium sulphide, a slag containing 
3opper and some bismuth being formed. The skimmings contain, 
on an average, about 10 per cent, of the bismuth treated, and are 
re-worked. For the removal of gold and silver about 2 per cent, 
of zinc is added to the fused metal, as in the Parkes process for 
lesilverising lead (p. 280). The skimmings are fused with borax 
ior the recovery of the precious metals. Argentiferous bismuth 
may also be refined by pattinsonising (p. 278). When a metal 
approximately chemic«ally pure is required, a wet process is 
probably most suitable, the bismuth being obtained as a basic 
salt which is reduced with pure reducing agents and fluxes. 
Bismuth containing 99*9 per cent. Bi can be thus 
obtained. 

Properties and Uses of Bismuth —Bismuth is a greyish-white 
metal of specific gravity 9*8, characterised by the ease with 
which it crystallises (in cubes often aiTanged in hollow pyramids 
like NaCl). .It melts at 268° C. = 511°"F/aiid expands con- 
siderably on solidifying. * . 

Bisniuih, lead, tin, and cadmiu.m form simple alloys with each 
other— f.e., their mixtures^ consist of pure metals and eutectics. 
These alloys melt b^low the boihng* point of water, and are 
known as “ fusible metals, -ind^ are used largely for stereo- 
-.tping* . 
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Wood’s Metal. 

Lipowltz 

Metal. 

r- 

Hose’s Metal. 
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2 

Lead, .... 
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8 

i 

Tin, .... 
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f 

Cadmium, 

1 

3 

0 

Melting point, . 

00-5° C. 

()0^ C. 

94° C. 


Their melting point can be still further reduced by tkj addition 
of mercury. Bismuth is also used in the manufacture of a soft 
solder, used in soldering pewter, while alloys with lead, tin, and 
antimony are made which fuse at some particular temperature 
above 100° C., and serve as safety plugs for boilers and autom^ic 
sprinklers. In conjunction with antimony, bismuth is, used tor 
making thermo-electric couples. Bismuth salts are largely used 
for medicinal purposes ; the oxychloride is used in face powders, 
and the nitrate for cosmetics. The oxide is used to a small 
extent in making porcelain colours, and in the manufacture of 
glass for optical purposes. 


NICKEL. 

The most important ore of nickel is a mineral consisting of 
magnetic iron pyrites (Fe.jS 4 — pyrrhotite), containing nickel in 
place of iron to the extent of about 3 to 8 per cent. ; this is 
associated with chalcopyiite (copper pyrites, Cu^S . EcoS.^). This 
nickel ore is free from arsenic, and contains a trj|,ce of cobalt 
and platinum.* It is found at Sudbury in Canada deposited in 
diorite, a rock composed of hornblende and triclinic felspar. 

Gamierite. — This is an hydrated silicate of nickel and mag- 
nesium, found in New Caledonia and the Ural Mountains, of a 
composition corresponding approximately witli the formula 
NiMg(Si0;^)o3H.,0, The proportion of nickel to magnesia is, 
however, not strictly in accordance with this formula, and the 
ore is commonly associated with oxides of iron and siliceous 
gangue. The pei:%ntagc of nickel ranges from 1 to 35 per cent., 
averaging about per cent. Another ore, also found in New 
Caledonia, but of less importance than gamierite, contains cobalt 
and manganese in addition to nickel. Gamierite is remarkable 
for being almost the only nickel ore which is practically free from 
cobalt. 

* ASjSpcrrjrftte, see p. 
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ArSenides, antinionides«*and sulphides of nickel have been 
longer known as sources of the metal than have the two fore- 
going ores. These constitute the European ores, and occur 
principally in Saxony, Bohemia, and Scandinavia. Kwpfer-nickel 
(NiAs), specific gravity 7*4, antiinonial nickel (NiSb)^ nickel 
glanae (Ni(As8),), nickel blende (NiS), and nickeliferous iron 
'pyrites arc examples of this class of ore. 

Winning of Nickel . — Nickel, standing metallurgically between 
iron and copper, can be won by processes analogous with those 
prop<ir to both the latter metals. Thus, sulphide ores may be 
run to a%iatte (although this cannot be self -reduced), and oxide 
ores directly reduced to crude metal. A similar relation » is 
evident in the behaviour of nickel when treated by the wet 
methods of extraction, which resemble those for copper, although 
tlys process will not serve for the direct precipitation of nickel 
as metak its similarity to iron preventing such easy reduction. 
The stability and volatility of nickel chloride (NiCl^) and the 
existence of nickel carbonyl, Ni(C 0 ) 4 , have led to suggestions for 
winning nickel directly by the volatilisation of the metal from 
the ore in the form of these compounds. At the present time 
nickel is mostly obtained from garnierite and nickeliferous 
pyrrhotitc and chalcopyrite. European ores are now very little 
worked. ^ 

Extraction of Nickel from the Sudbury Ores. — As examples of 
these ores the following analyses may be quoted : — 






1 . 

2 . 





Per cent. 

Per cent. 

Silica, 




13 44 

24*55 

Iron, , 




39 02 

35*18 

Siili»hur, . 




2G-26 

18*27 

Copper, 




4-31 

1*43 

Ni^el, 




5-57 

3*74 

Alumina, . 




4'49 

8*02 

Lime, 

. 



2*28 

2*06 


About 0*1 per cent, of cobalt occurs in those ores. 

The ores are crushed and hand-picked into copper ore and 
nickel ore ; the latter is roasted in heaps for several weeks until 
the sulphur is reduced to about 7 per cent, and the bulk of the 
iron oxidised. The ore is next put thpugh a water-jacketed 
cupola in which the siliceous gaague is ^flux^ci by the oxide of 
iron, alumina and lime, and i^ie sulphides o! foppcr, nickel, *and 
iron riui'down to a matte of the following CQmposition : — 

Percent. 

Copper, . . . . 20 to 25 

Nickel, . 18 to 23 

Iron, ( . . 25 to 35 

> Sulphur, . .. . 20 to 30 
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The fused matte is tapped into a pot and the slag seprflated.' 
The matte is next refined in a Bessemer converter similar to 
those used for copper mattes (see Copper, p. 248). During 
this part of the process the. iron is oxidised * and fluxed, and a 
matte corresponding with “ fine metal ” (see Copper, p. 245) 
obtained, having the composition Cu 45, Ni 40, S 5 to 15 peroc ent. 
Owing to the fact that nickel sulphide stands between iron 
sulphide and copper sulphide in respect of the ease witli which 
•it is oxidised, care has to be taken in stopping the blow at the 
point when the iron is completely oxidised. As there is no 
definite indication when this point is reached, the succ ess of the 
operation depends wholly on the judgment of th'> workman. 

The Bessemer matte serves for the production of Ni and Cu 
alloys — e.q.\ German silver — for which purpose the sulphur is 
removed by roasting and the substituted oxygen by reduct^pn 
with charcoal, or other carbonaceous matter. The jesulting 
alloy, consisting of 50 per cent. Cu and 49 per cent. Ni, is very 
similar to nickel in appearance, but has a lower melting point. 

For the separation of nickel from the Bessemer matte two 
processes are in use — viz., the Orjord process, also known as 
the “ tops and bottoms process, and the Mond process. In 
the former the matte is mixed with coke and salt cake (crude 
sodium sulphate) — 50 tons of matte, 80 tons salt cake, and 7 tons 
coke— and smelted in a blast furnace or a magnesia-lined open 
hearth reverberatory furnace. The fused mass is tapped out 
and allowed to separate into two layers. The top layer (“ tops 
consists of a solution of copper and iron sulphides, in sodium 
sulphide, the latter being formed by the reduction of salt cake. 
The bottom layer (“ bottoms ’') consists essentially of nickel 
sulphide, with small quantities of iron and copper : it may need 
resmelting into tops and bottoms. The nickel sulphide is then 
roasted “ dead with the addition of a little nitre and salt. The 
latter converts any copper into chloride which is afterwards 
leached out. The residual nickel oxide is reduced to metal as 
described later. The “ tops '' is treated for the recovery of copper 
and sodium sulphide. The Mond process depends on the forma- 
tion and decomposition of the volatile nickel carbonyl, Ni(CO) 4 . 
The Bessemer matte is ci’ushed and roasted in mechanical furnaces. 
The finely-crushed roasted material is. then leached with dilute 
sulphuric acid, which removes the greater part of the copper 
(about two-thirds). The dried residue, consisting of clxades of 
nickel, copper, and iron is then exposed to the reducing action 
of w’ater gas (CO + H^) at a ^temperature pf 300® to 400° (\ in 

* The greater ease with which iroii. is ^oxidised and converted into silicate 
than is iti^kel, is utilLsed in this and similar sepa'rations. 
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a towlc contaiiiinjz a series of shelves, the roasted material being 
made to fall from one shelf to another by means of rabbles. The 
reduced nickel, which also contains metallic copper, and probably 
some oxide of iron, is then passed by air-tight conveyors to the 
“ volatiliser,” which is very similar to the reducing tower, and 
conv^ted into the gaseous carbonyl by exposure to (‘arbon 
monoxide at a temperature of about 50° C. The carbon mon- 
oxide is prepared by passing the gas from the “ reducer over 
red-hot carbon. The gaseous product is then carried forward 
into tlie “ decomposer,"* a cylindrical vessel containing nickel 
granules, •where it is exposed to a temperature of 2(X)' C. In 
this way nickel#is deposited on the granules, which arc kept in 
motion by the constant withdrawal of some of them from the 
bottom of the vessel by means of a worm conveyer. Thci gas 
from the volatiliser "" is filtered free from dust before passing 
to* the ‘‘ decomposer,'" and after decomposition the carbon 
, monoxide is again used for extracting more nickel. The residue 
in the “volatiliser"" must be returned to the reductr, and thus 
kept in circulation for several days before extraction of nickel 
is complete. 

Extraction of Nickel from New Caledonian Ore (Garnierlte).— 

As the ore is a double silicate of nickel and magnesium, free from 
sulphur, an obvious method of treating it consists in reducing 
it w’ith carlJon, using limestone as a flux, in a blast furnace, thus 
obtoining a crude metal corresponding with cast iron. The 
composition of the “ fonte "" obtained in this manner is given 
below’ : — 


Nickel, .... 

Iron, 

(jraphite, .... 
Sulphur, .... 
Aluininiuiri, 

Magnesium, 

Oxygen and combined carbon, 


IVr cent. 
7()-70 

r7s 
I ■()") 

1 ;i7 
010 
1-88 


The crude metal may then be converted into a suli)hide matte 
in a manner similar to that about to be described. 

This process, though simple in princnple, has proved unsatis- 
factory in practice owing to the refractory charactei’ of the nickel 
and its slag^, which arc rich in magnesia^* •An improvement 
consists in winning the nicket as a sulphide .matte by lunning 
down the ore with half its weight of gypsum or alkali waste and 
20 per cent, of coke. Th%nickel is thus converted into sulphide 
and a portion of the^rou fluxed asj^silicate. The resulting matte 
contains 50 U/55 per cent. Ni, 20 to 30 per cent. Fe, and 16 to 
18 per cei^.^.8. It refined eitilei* in^a Bessemer conv^r^er, or 
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by roasting and fusion with sand to flux the | 
nickel being obtained as sulphide. This is 
oxide, and reduced to metal in t^ mannel 
The ore is, however, now generally imported 
worked by wet methods — e.</., by dissolutrg 
acid and precipitation of the nickel m oxide. 

Extraction of Nickel from Euroi<i^T:^f Ore^ 

monides, and Sulphides). — The pjteit- ore^ 

2 per cent. Ni, 50 per cent. Fe, an<5 30 per 
in heaps and fused for a coarse m^l. In 
is oxidised and fluxes the siliceous gungue. 
metal contains about 5 per cent. Nij 2 to 5 
cent. S, and 60 per cent. Fc. It is t ousted ini 
in small blast furnaces with quart^^ to flux| 
produced by the roasting. 

The amount of nickel in this regilas is aboT 
the copper 25 per cent., the rcmaiiSfaer being! 

A fusion for a fine metal in an cx piauT i fufl 
the remainder of the iron being tiiusoxidiS 
added quartz. The fine metal conterins 60 p!^ 
cent. Cu, 8 per cent. S, and 0*5 pei cent. Fcf 
this type, espet'ially as formerly practised, th(| 
an alloy of Ni and Cu, the dernaiiB for nicl' 
small). In order to completely desjlyhurise 
ground and roasted dead,’^ the mixed o! 
qiiently reduced in crucibles with powdered clj 
pure ni(‘kel from the roasted line m(!Rl., advaif 
of the greater solubility of copper oxide than 
dilute sulphuric acid, the residue nickel [ 
treatment being subsequently reducGR (v.i.). 

Arsenical nickel ores are worked !«• a speisS 
argentiferous lead ores (see LcMd, p- 277) orf 
separate process, consisting of roai ^Jim in o 
with quartz in a blast furnace. The- coarse sfj 
Ni 45 per cent., Co 4 per cent., Cu O' 75 per cei! 

S 4 per cent., As 36 per cent. By nTlVing thia 
furnace with a siliceous slag, the ircvi is fiuxef 
oxidised and volatilised. The fluxi ng i s conti^ 
tint of the slag iiubcates that the scR^iication 
ning. The roasting is continued^ kt» long aj 
remove solidified oxides from the surface 
refined speiss contains 60 per cent. 5^3 per c^ 
Cu, and 36 per cent. As. - It is grJWm. to^ 
until it has acquired a bright '‘green colour, b( 
nickel ^H,psenate, 2NiO . As.jO.-. (' Ey heatiqg tj 
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tempA'^.ture in ji roduciiifr atniosplierc, the arsenic is volatilised 
and a portion of tlie nickel reduced to metal, "riiis material still 
jcontains 1 to 2 per cent. As, which is removed by fusion with 
sodium nitrate and carbonate aiu) subsecjiient washinji with 
water, bein^ thus dissolved as sodium arsenate, "rhe^ nickel 
oxid(^is then reduced. 

Much spoiss is imported to Birmingham, where it is fused 
with lime and tluor spar, {i^round and roasted to fro(^ it from 
tnost of the arsenic. The subsequent treatment is desijined 
for tl^^ recovery of th(‘ cobalt ; the roasted spcnss is dissolved 
in hydro«iiloric acid, the iron in the solution [)eroxidised by 
bleaching powdir, and chalk is added : this precipitates both 
iron as basic carbonate and arsenic as ferric a.rs(‘nat(‘. The copper 
is thrown out by H.yS, the solution again pcroxidised by bleacldng 
powder, and lime added to neutralise tlie hydrochloric acid 
liberated .by the precif)itation of the copj)er. Cobalt p(‘roxide 
is thus thrown down, it being more readily formed than the 
corresponding nickel compound. The nickel still iif solution is 
precipitated as the normal oxide by milk of lime. 

In the reduction of nickel oxide, obtained in any of tln‘ abov(^ 
processes, it is not generally economhal to fuse the resulting 
metal, as its melting point ivS high (about 1,130" ('.). It is, there- 
fore, usual ^to make the oxide into a paste with charcoal and 
carbonaceous material, such as flour or oil, and compress it into 
slabs which are cut into small cubes, the shajx' of which is retained 
by the metal when reduced. W ith modern regenerative furnaces, 
however, nickel can be completely fused iind obtained as cast 
metal. Commercial nickel is never pure, but contains, like iron, 
carbon and silicon. The following are analyses of cast nickel : — 


Carbon, 

Silicon, 

Iron, 

Sulphur, 

Nickel, 

Copper, 



For 001 ) 1 . 

110 

11. 

Fer ociil. 


oi;i 

010 


010 
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0*2() 

007 



os-iw 



0-70 


Electrolytic Processes: Refining Nickel.— 'IIk^ oUHtrolytie 
winning of nickel from its ores has not -^ ct been iwcomplished. 

. Within the Ust few years, however, the le^iitng of nickel Jias 
been practised in this eouutry and in America. A good deal of 
secrecy’has been maintained regarding the details of these pro- 
cesses,' but it mav be takemthat they are substantially as folWhs : 
: — The anodes are o{,copper-nick(4 ..Hoy. obtained by roasting 
:■ and reducing ilessemer matte as inentioucd above. Cast cakes 
j of the mat4te itself haw also been Wd jvith more or less^jjtcess. 
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The cathodes are of thin sheet-copper, and the electrolj^t^ is art 
acid solution of the mixed sulphates or chlorides of copper and 
nickel, made by dissolving the matte or alloy in some suitable 
agent. The solution is heatfjd and kept in circulation, and during 
electrojysis copper is deposited, while nickel and a little iron 
remain in solution. Arrangements are made for maintaining 
the strength of the electrolyte. When sufficiently rich in nickel 
the latter is withdrawn, and the remaining copper and iron pre- 
cipitated by suitable means. The nickel solution is then made 
ammoniacal, and electrolysed, while hot, between anodes of lead 
or carbon afid cathodes of sheet nickel. The strengtli of the 
el^ptrolyte is maintained between certain limits, rnd the ampionia 
recovered by boiling. Electrolytic nickel persistently retains 
iron ; its composition may be judged from the following analysis 


Ni, . 
Cu, 
Fe, . 

• 


00-20 

0-14 

0*r)8 

o-():i 


90-05 


The Orford Copper Company are reported to be using n process 
in which the anodes are of crude nickel sulphide obtained in the 
“ tops and bottoms process, a solution of nickel chloride serving 
as the electrolyte. Their method of dealing with the liberated 

sulphur is not known. n i d • tit • 

Successful experiments have been made at Sault Sainte Marie, 
in which ferro-nickel is produced by the electro-thermal smelting 
of Canadian nickel ores in the Heroult furnace (fj.v.), and it is 
stated that the method is capable of commercial application. 

Properties and Uses of Nickel. — Nickel has a specific gravity 
of 8-8 ; fuses at about 1,430° C., and ranks below iron dn elec 
trical conductivity. Nickel greatly resembles iron, differing fron 
it mainly in its stability in air and water. It stands next t< 
manganese in hardness, it is magnetic at ordinary temperatures 
but not at temperatures above 250° C. = 482° F. Cast nicke 
is not very malleable, owing to the presence of dissolved oxide 
but may be improved in this respect by fusion with a powerfu 
reducing metal— c.^., magnesium, aluminium, or manganese- 
their action recaHi]«g ttfat of phosphorus upon over-refined coppei 
p. 252. The metal ijan be readily welded. Nickel is principall; 
used for alloying With copper to produce nearly white, ajloys o 
the Cermaii silver class, its whitening effect being remarkable.* 

* An alloy containing about 66 per cent. Ni anil 33 per cent. Cu, whic 
(rreatlv reseniblea nickel in appearliice, is eomctinies ignorantly or wittmgl 
offered in its place. It may be detected by the fact that it is not attracte 
by a 
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It js probable that a compound of these two metals exists 
corresponding with the formula CuNi. The alloys generally used 
contain less than 25 per cent, nickel. Coinago nickel consi^ 
of Cu 75 per cent, and Ni 25 per cent., and is white in spite of the 
large proportion of copper. This alloy has also been used for 
locomotive firebox ])lates. Copper containing 5 per (“ont. Ni is 
used*for the driving bands of projectiles, and with 3 per cent. Ni 
for locomotive boiler tubes. German silver varies much in com- 
position, its value increasing with the proportion of nickel. It 
may be regarded as a nickeliferous brass, and ranges between the 
limits Cu U) to 70, Zn 15 to 35, Ni 6 to 30 per cent. The impuri- 
ties commonly present arc lead, iron, and tin, and their effect is 
much the same*as on brass (q.v.). These alloys consist of sij^le 
homogeneous solid solutions, and as such possess a high electrical 
resistance. Among the special alloys which are used for electrical 
resistance may be mentioned • 

Conatantan. . <>0 % Cu, 40% Ni. , , . 

Platinoid, . . <H) Cu, 14% Ni, Zn, and \-^% tungsten. 

Nick(‘lin, . . 74*5% Cu, 25% Ni, 0-5% Fi*. 

Manganin, . . H4 % Cu, 12^)0 Ni, 4% Mn. 

Nickel is largely used for the manufactun^ of ni(‘kel steel (see 
pp. 28, 221), in which the amount of nickel varies from 1 to 
25 per cent., according to the use to which the steel is to be put. 
Guillaume iias found that the addition of nickel to iron causes 
a decrease in the coefficient of expansion of the metal until the 
proportion of 35 per cent, nickel is reached, after which the co- 
efficient rapidly increases. It is thus possible to prepare alloys 
possessing any desired coefficient of expansion. Guillaume's 
“ Platinit© " containing 16 per cent. Ni and 0*15 per cent, of 
carbon has the same coefficient of expansion as glass, and has 
entirely replaced platinum in the manufacture of mcandescent 
lamps. Another ferro-alloy,’ “ Invar," containing 36 per celit. 
Ni, and 0*2 per cent. C is practically non-expaiisible by heat. 
The resistance of nickel to rust has led to its use for platmg of 
other metals by electro-deposition. Its resistance to fused alkalies 
renders it applicable for laboratory vessels, A new alloy of 
copper and nickel, containing 70 per cent. Cu and 30 per cent. 
Ni “Monel metal," is now coming into commercial use for a 
variety of purposes (see p. 28). It is m^de direct from Sudbury 
ore. * 

COBALT. 

This metal so nearly resembWiiK^el that the metallurgy of 
two may be conveniently taken together. It is mostly a 
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bye-product in nickel works, being separated as already dosif;‘Tibf 
after the removal of the remaining constituents of the'orS. Del 
nite cobalt ores are smaltine or speiss cobalt (tin white coball 
CoAs^, cobalt glance, CoAsS, cobalt bloom, (the norim 

arsenate), black earthy cob2^1t, consisting of hydrated oxides ( 
cobalt- and manganese and cobalt pyrites. The metal itself 
more strongly magnetic than nickel ; it has a specific gPavil 
of 8*9, and a melting point of about 1,460° C. In the rnetall 
«tate it is chiefly used for plating, yielding a better coatiri 
than nickel. Its main use, however, is in the production < 
pigments (q.v., Vol. II.), for which purpose the peroxide separate 
in the systematic extraction of nickel already described *is worke 
up.' Cobalt ores are worked on the same geneifal lines as»thos 
of nickel, but a process depending on the stability of cobal 
chloride has also been utilised. The arsenides and sulpliides ai 
roasted, ground, mixed with ferric chloride, made into a pa«t 
with ferrous chloride, moulded, dried, and calcined. A (‘blor: 
Hating reaction typified by the following equation oc^curs : — 

CoO 4 Fed. = Cod.^ + FeO. 

The cobalt chloride is leached out and worked up by tlio we 
method described above for the'*separation of nickel and cobalt. 


MEKCURY. 

Mercury is found native, both alone and as an amalgam wit! 
silver. Native mercury may occur collected in cavities, or in i 
finely-divided state distributed through cinnabar. Its (diie 
source, howevei, is its sulphide (HgS), found in the form o 
cinnabar, whi(;h is won in large quantities in Spain, Austria 
South Russia, South China, and California. This is a heav] 
crystalline mineral (specific gravity 8*2), red or brown in colour 
It is sometimes found in a black amorphous form (metacinnahar) 
the two varieties corresponding with the red and black form o 
HgS prepared in the wet way. 

Methods of Winning Mercury from Cinnabar.— Owing to th< 
ease with which mercuric oxide is decomposed, mere roasting 
of cinnabar yieldf^ SQ., and Hg, not HgO. The removal o 
sulphur may be affected by other reagents than oxygen — e.g. 
lime and iron. T^/o types of process for winning mercurv fron 
■cinnabar may, therefore, be distinguished. 

1 . Removal of the Sulphur by Roasting in Air.— The crudesi 
method of effecting this contists in roasting the ore in heapai, 
•enclosed by brickwork, and provided with flues similar to those 
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/^omdcimes used for cokinji coal (see Coke, Vol. II.). The mercury 
volatilifiied from the lower portion of the heap is condensed in 
the upper layer from which it may be washed on a sieve, the 
;ore-dnst and mercury being washed through, whilst the coarser 
^portion is used for the lower layer of^the heap next to be roasted. 
The process is adapted for treatment of copper ores (laJderz) 
whick contain from 0-5 to 17 per cent. Hg, and are afterwards 
to be w’orked for copper. In better processes the roasting is 
carried out in an enclosed furnace, and the mercury vapour 
.condensed from the flue gases by passage through a scries of 
receiv<5rs or chambers. Thus at Idria, by the old process, cham- 
bers like •those shown in Fig. 47 serve for the condensation of 
:the vapour expdled from the ore (containing 10 to 12 per cgjit. 
Hg), which is roasted on the shelves, a, h, c, disposed over the 
grate, A. The final chambers, D, are provided with water 
cascades to complete the condensation. The mercury collects in 
an underground channel. In the more modern Idrian furnace a 



Pig, 47. — Old nion'ury fiiriiiioe at Idria. 


ti, h, (\ .Shelves ; A, grate ; (', condensing chambers ; D, water 
cliambers ; K, a|)erture for escajie of gases. 

[■ontinuous distillation is (‘fleeted in a cylindrical kiln charged 
at the top througli a ho])per, and conneettid with six condensing 
chambers externally cooled by water. 4Mie spent ore is raked 
out through bars at the l)ottom of the furnace, ^nd fresh charges 
introduced bv the hopper. AVhen once started, the reaction 
HgS + 0., == Hg -I- HOo continues, as it is exothermic, but the 
heating effect is supjdementcd by the coipbustion of about 4 per 
cent, of cha»L‘oal added to the^ore charged. ^«r poor ores, w^ich 
contain so much gangne that the combustion of their mercuric 
sulphide* is insufficient to maintain the temperature of react io n, 
heating from some sourc# other than the combustion of 
is requisite. The direct admixture (5f fuel is not advisable, as 
eufficient oxygen for the (iombustion both of it and of the Hgb 





would be difficult to supply, and HgS would be sublimed uri^ 
changed. This necessitates the use of a reverberatory iurnace, 
by which means an ample supply of air, together with the requisite 
heat, can be obtained. The plant for winning mercury from 
poor ores (1 per cent. Hg)\,by this method includes, therefore, 
a revejberatory furnace connected with a condensing chamber, 
which is coupled in its turn with a second chamber by Fsieans 
of a wide iron pipe, cooled by an external water spray. The 
necessity for the use of air as an oxidising agent causes the 
mercury .vapour to be diluted with much nitrogen as well as 
SO2, and, therefore, to be difficult to condense. When working 
poor ores, the dilution is increased by the gases of th^ external 
furpace, thereby making the use of'the compartitively elaborate 
condensing arrangements described above inevitable. In any 
case, considerable loss of mercury must occur, as at the tempera- 
ture of the exit gases mercury possesses an appreciable vapQur 
tension. There is also a loss of mercury in the form of mist, 
which is comparable with that given when many soluble vapours 
are passed tiirough water — e.g., NH4CI and SO3. 

Another system of condensation is that practised at Almaden 
in Spain. The mercury vapour and spent gases are passed 
through a series of aludels (Fig. 48), which are clay, pear-shaped 
vessels fitting one into the other. The line of aludels slopes 
first down from the kiln and then up the flue, thus 



Fig. 48.— -Mercury aludels. 

a gutter being placed at the lowest point of the depression, so 
that the mercury condensed in either half of the series is receiv'^ed 
in a common channel. The members on the side of tlie series 
descending from the kiln, which receives the bulk of the mercury 
distilled, are. provided with holes at the lower part which are 
■stopped with sand, so that the mercury may filter through, and 
thus be removed, immediately on its condensation, from the 
current of hot gases passing through the aludels. 1’he filtered, 
mercury flows down a plane to the central channel. This syst-em 
of condensation has thy: disadvantage of involving the making of 
numerous joints (often leaky), in connecting the aludels. 

At New Almadon, in California, coarse ore furnaces for con- . 
tinuous working consist of an hexagonal base, at three alternate 
niatb^f which are the hearths, tlr^ ore chamber above the -’ 
hearths is cylindrical. The oifp, mixed witli^ about 2 per cent, of 
coke, is charged in through a hopper at the top ; and when it . 
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■>t a o4i(jrry-rcd heat the lower, spent, portion is raked out into 
the ashpit, and fresh ore charged. The content of mercury varies 
.from () to 8 per cent. Condensation is sometimes effected in 
receivers of thin glass sheet set in wooden frames, this material 
heing preferable to iron or earthenlAre, at temperatures below 
the bijiling point of water, as it is not atUcked by the condensed 



Fig. 40. — Oranitza mercury furnace.* 

sulphurous add sulphuru? acid.# “ Fines art treated, also con- 
tinuously. in a vertical furnace which is fitted with inclined 
shelves (Fig. 49). 

‘ The fines are delivered Srom a hogper on each side oi the 
middle partition of fhe, furnace ^d fall from shelf to shelf, 
' Coarse-gi^vi^ed'o: c 9 are ^iio\. n as “ g#initz^” and fine ores as “^jerras.** 


METALLURGY. 


522 

turning over during their progress, so that every portion 
exposed to the action of the hot air ascending from the dearths", 
at the base of the kiln. The furnace usually consists of four;;, 
shafts with a common fireplace. 

In any of these process'is mercurial soot (stupp) condenses 
in the 'chambers. It contains about 20 per cent. Hg, both as 
metal and as sulphate, etc. It is made into briquettes witK lime 
(to decompose the sulphate) and re-worked. 

Recent progress in the metallurgy of mercury has been in the 
direction of improved furnaces and more efficient condensing 
arrangements. Shaft furnaces, in which the ore and Juel come 
into direct contact, are now' almost universal,^ and are of the. 
cotRinuous type, wliereas formerly they were worked Inter- 
mittently. The Californian furnaces described above (including 
the Granitza furnace) are also knowm as Scott furnaces, from 
the name of their designer, and modifications of them are largely ^ 
used throughout America. In Italy and elsewhe’’'" Sjfiirek and ' 
Novak furnaces are mostly used, and are essentially the same iii 
construction. The furnaces used for fine ores somewhat resemble 
the old Gerstenhofer calciner (see p. 241). One advantage of 
these modern shaft furnaces is that much less soot is produced 
than with the older type, especially when carbonised fuel (coke) 
is used. It is claimed that with their use the loss of mercury 
amounts to only 4 per cent. For fine ores which form much dust, 
and for lump ores which decrepitate, shaft furnaces are not suit- 
able, and reverberatory furnaces are necessary. These are auto- 
matic, and are worked continuously. Muffle furnaces are now 
seldom used. Modern condensing arrangements take the form 
of a suitable combination of w'^ater-cooled tubes and chambers ; 
Y-shaped stoneware tubes ai-e commonly employed, while the 
condensers used with the Spirek furnaces are often made^ of iron 
and lined with cement or concrete to resist corrosion by acid 
liquors. To ensure more complete condensation, a low tem- 
perature and slow circulation of the gases in the condensers is 
maintained as far as possible. Another modern improvement is 
to utilise the waste heat of the cinders from the furnaces for raising 
the temperature of the air required for combustion and roasting. 

2. Removal of the Sulphur by Lime or Iron.— The winning 
of mercury from vcinnabar by distillation with iron takes place 
according to tlie ^nation — ■< 

HgS Fe = HgJ-l- FeS. 

^'iien lime is used to remove the sulj[)hur the reaction is stated 
tobe " 

[4HgS;-H|4CaO>:4Hg>E3CaS:-f ;CaS04, 
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In }jitasti<ie, the ore is mixed with iron or lime and heated in 
small bottle-shaped retorts, a number of which is set horizontally 
in a long gallery furnace. The mercury distils into receivers 
containing water, the condensation^ taking place much more 
readily than when the mercury Viipour is diluted with inert 
gase% as in the case of the roasting process already described. 
Larger charges tiian can be distilled from these iron bottles are 
dealt with in iron retorts similar in shape to those used in the 
manufacture of coal gas (qA\, Vol. IT.). In the course of the 
distilktion, finely-divided mercury and undecomposed sulphide 
come ovG» with the main product, and are redistilled with more 
lime.^ • 

This method lias been jilmost entirely abandoned, and is used 
only when a small quantity of rich ore has to be dealt w'ith. It 
is not only costly for fuel and labour, but has a further dis- 
a(fvant?«ge in, that mercurial vapours are liable to be produced 
which are dangerous to the workmen employed. 

The purification of crude mercury is usually process of 
filtration, the metal being forced through wash-leather. Puri- 
fication may also be effected by agitation with dilute nitrici acid, 
the impurities being the first to dissolve. The metal is usually 
transported in wrought-iron flasks. 

Properti^ and Uses of Mercury. — The specific gravity of 
mercury at 0^ C., compared with water at 4-^ C. = 39 F., is 

13-516 {Volhmnn). It solidifies at —39° C. = —38° F., and 
boils at 357° C. = 675° F. The fact that its coefficient of ex- 
pansion is remarkably uniform fits it for the construction of 
thermometers, and its high specific gravity for that of barometers. 
It is used for the extraction of gold and silver by amalgamation, 
and for the manufacture of looking glasses. For this purpose a 
sheet ot tin foil is placed on a marble slab carefully levelled ; a 
thin layer of mercury is then spread over the whole surface, the 
glass to be “ silvered ” is slid on to the prepared table and 
weighted, being left thus for some weeks. During the time of 
silvering the table is inclined to allow the surplus mercury to 
-drain away.* 

Mercury is also used in the preparation of various amalgams. 
Cadmium amalgam was formerly used as a stopping for teeth, 
And copper jmalgam also serves as a pl5isti<fomaterial. It be- 
comes hard in a day or two (>fithout expanding or contracting), 
but can vbe softened in boiling water. It has been used as a 
stopping for teeth, and a cement for metal^ and chinjjjirfarfj^ 
good deal of mercury is also employ^ in the electrolytic pro- 
^^uction of cai'Stkj soda. 

♦ Loc£ii|>g gl ’.8868 ar^ now truly alvere^ with Ag, cj. p. 334^^^ 
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SILVER. 

SILVER ORES. — Owing io the low heat of combination of 
silver with oxygen it is not 'surprising that a good deal of the 
metal occurs native, although it is frequently alloyed with (jther 
metals, such as gold, copper, and, in rarer instances, mercury. 
It is sometimes associated with antimony as an antimonide, 
varying in composition from AgoSb to AggSb. Cubic and octa- 
hedral crystals of silver, both massive and in dendritic forms, 
occur in many localities, but are especially abur^ant in 
Norway and Peru. Native silver may contain 90 to 99-8 per 
cent. Ag. 

Silver sulphide (Ag^^S) occurs both alone (arqentite) and together 
with antimony sulphide in the two forms — brittle silver ore, 
5Ag2S . Sb 2 S 3 , and ruby silver ore, SAg^S . Sb^S.^ : light rpd silver 
ore corresponds with the latter, arsenic replacing antimony, and 
folyhasite may be regarded as a mixture of the two, together 
with sulphide of copper. Fahlore, or grey silver, another im- 
portant ore, is a mixture of antimony and arsenic sulphides with 
sulphides of silver, mercury, copper, zinc, and iron. It may 
contain up to 31 per cent, of silver. 

Silver telluride, Ag 2 Te, analogous with the sulphide, is found, 
as is also silver selenlde. 

Silver chloride (hom silver), AgCl, is found in considerable 
quantities in Chili and Peru, both massive and as scattered 
cubical crystals. It receives its metallurgical name from its 
appearance and texture. Silver bromide and iodide sometimes 
occur associated with the chloride. 

Other Metallic Ores containing Silver.— As has been already 
stated, certain ores, notably galena, copper pyrites, aiid zinc 
blende contain small quantities of silver, and are worked for the 
recovery of that metal as an incident in the process of winning 
the main metal (e.f/., lead or copper) in the ore. The preliminary 
stages of the extraction of silver from such ores — its con- 
centration before recovery — have been described in the chapters 
dealing with the ores themselves, ^'he largest portion of the 
world's supply of silver comes from the United States, Mexico, - 
and South Ameri';a. Australia (notably from Broken Hill) ’ 
contributes a large, quota. " 

WINNING OF SILVER FROM ITS ORES.— 1. General Prin- 
; ^ -Silver is bne of the most easily reducible metals, owing ' 
to the circumstance that Hs oxide is split up at a red heat,* as 
indeed is illustrated by the fact that it may be reduced in the ; 
laboratof^y from a salt, such silver chloride, by ^eating with..- 
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m alkaline flux — ejj,, sodium carbonate — without a reducing 
kgent, the reaction taking place on the following lines : — 

2Aea !- NaXO-i -- Ag.O H- CO.j 2NaCl. 

‘ Ag,() .:^:?:Ag 4- (). 

)n a large scale, ores are seldom rich enough in silver or suffici 
“ntfy free from other metals to make such direct extraction f 
>racticable metliod. Silver has, however, a special tendency t( 
lissolve in other metals and in metallic- sulphides, hence it cai 
3 e m)nveniently concentrated by fusion of the ore with a flux 
ind, if gecessarv, some other ore to ]>rovide the solvent metal o 
mlphide. Examples of this, when the ore is particularly poor 
have alreadv oeen given under load and copper smelting 
[n the case of lead the silver concentrated in this way is extractei 
by again taking advantage of the factt that silver oxide does no 
Sxist at a red licat, so that the lead ca-n be oxidised and removed 
[caving ih':'' silver as metal. In the case of the copper sulphid 
the process depends on the circumstance that silver shows it 
similarity to the alkali nudals by the stability of its sulphat 
(Ag., 804 j, which is formed on roasting the matte, and is nc 
decomposed by a temperature sufficient to decompose the coppe 
sulphate which is simultaneously formed. Another instance c 
the collection of silver in a solvent is afforded by the use < 
mercury the ordinary temperature, corresponding with tha 
of lead at a high temperature. In tliis case, as no decompositio 
of a silver salt by heat can be employed, some other means < 
obtaining the silver as metal is necessary. The menuirv wi 
subserve this purpose as well as act as a collecting agent. 

Another general principle applied in methods of silver 63 
traction is the case with which silver chloride can be formed b 
roasting silver ores with salt, the stability of the chloride thi 
produ(*-ed and its solubility in solutions of other chlorides or ( 
thiosulphates. Alkaline cyanide solutions have also been use 
fiuccessfullv in recent years for the extraction of silver from v 
ores exactlv as in the treatment of gold ores. A'.precipitatic 
of the dissolved silver as metal or as sulphide serves for its recovei 

when thus extracted. « ^ . -i 

2. Dry Processes for Winning Silver. — (a) Extraction wii 
Lead as a Solvent.— The production of oi 34 linai:y argentiferoi 
lead (from galena) has been already descrilied (see Lead). Whf 
the ^Iver is present in sufficient quantity tb ca»;se the ore to 1 
classed as a silver ore, the ledv.ction is elfectef'' •n^’':)last furjg^ 
to the exclusion of thos#of the reverberator/ .ypc. The enSifi 
is a mixture of or(ft, fuel, and flftxes, and lii., rally contains 10 
13 per cent, of l.:ad and 8 to IS^per cent. coke. With^oor or 
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the silver is sometimes collected in a pyrites matte by ai^ding 
this mineral to the furnace charge ; the resulting matte is'Voasted 
in heaps, and fused with richer ores, whereby an additional 
proportion of silver is extracted ; the metal may be now trans- 
ferred to lead by running tll^ matte into a bath of metallic lead ; 
the silver sulphide in the matte is thus reduced and the silver 
retained by the lead. Argentiferous lead (“base bullion '"f con- 
taining upwards of 0*1 per cent. Ag (30 ozs. per ton) can be 
cupelled directly, but poorer metal must be enriched by one of 
the processes of concentration (Parkes or Pattinson), described 
under Lead. When concentration is adopted, much richer** leads 
are cupelled — such as contain 300 ozs. of silver*' per ton. 
Tho works process of cupeUation combines thc'*features of the 
laboratory processes of scorification and cupellalion, the lead 



Fig. oO. — Section of cupcllation hearth. 

A, Grate ; B, test ; r, twycr ; a, a, (lues ; C, iron pot ; /, channel ; 
(/, vent ; /, door. 


being oxidised and the oxide (1) allowed to flow off the remaining 
metal, as in scorification, and (2) absorbed by the material of the 
hearth, as in cupcllation. 

A horizontal section, of the cupcllation hearth is shown in 
Fig. 50. The fire gratp. A, is placed at one end of a long flue 
aerpss which is the ^gg-shaped frame, or “ test,"' B. . This frame 
was formerly filled wwith bone ash, and serves to contain the lead 
,*t.o be treated. At the present time marl, which is cheaper, or 
■v^il-YfiTtUre of cement and fireclay, is ttsed instead of bone ash, 
eaipecially for the first stag^'of the process. The twyer, e, supplies 
a blast of air which plays upon the surface of the lead. The 
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iam^ of the fire passes across the test, the products of com- 
justion passing away by the flues, a a. From 1 to 5 (;wts. of 
the lead are melted in an iron pot, C, and run throiigli the gutter, 

Z, on to the test. When its surfa(‘^#)ocomcs covered with fused 
litharge tlie blast is turned on, jtnd tlic melted oxide is driven 
ill waves over the surface of the lead, escaping through the 
‘hanflol, /, and the vent, {/. The progress of the operation is 
yvatched through the door, /, and fresh lead is (diarged in from 
time to time until the enriched alloy (contains about 8 per cent, 
of silver. It is not profitable to concentrate this further ou 
the same test, inasmuch as a continually increasing iiroportion 
of silver passes into the litharge, and is troublesome to recover 
from the whol# quantity. At this stage, therefore, the metal 
is tapped bv making a hole in the floor of the test. It is trans- 
ferred to a now test where the process is continued until the 
surface of the metal becomes bright, indicating that no further 
oxidation i*^ taking place, and that silver remains. 1 he silver 
is either tapped or allowed to solidify oii the test. This silver 
contains from 99*7 to 99*8 per cent. Ag, and is rcfiiTod by again 
heating it on a cupel, the impurities (save gold)— c.j/., Cii, Pb, 
Bi— being oxidised and absorbed. The litharge, especially the 
last portions rich in silver, is reduced, concentrated by pattin- 
Bonising and re-cupelled. The cupels are broken up and smelted 
for the recovery of lead and silver. 

Rich bullion^ such as that obtained in the Parkes process, can 
be completely cupelled in one operation. In modern practice, 
however, two operations are often used, the advantage of the 
double process being that the first stage can be carried out in a 
large water-cooled cupel, which lasts rriucli longer than the 
ordinary test. 

They are- two methods of conducting the cupellatiqn process— 
the English and the German. The English furnace is character- 
'ised by a comparatively small piovable hearlh and a fixed roof 
the lead being added at intervals. The Germffh<(urnace is mud 
larger, is usually circular, and has a fixod hearth and movabh 
roof. ’ The (‘upel is made of marl, couta-lnh^g 65 per cent, calciun 
carbonate, 30 per cent, clav, and 5 per (^(^^it. magnesium car 
donate and iron oxide. The whole of the charge is placed or 
the cupel at once, ani the process is usually' f.onipl^cd.jTi om 


operation. • , « * « i • r 

(h) Extraction with Copper Matte as^ a Solvent, a- iiij^th 

case of this process the silver is a byc-prpduct, 

the metal primarily to won. As already 

Copper (p. 254), a matte containwig Cuprous 

iron suiphide and silver sulphide (0-5 per cent. Ag)/r.iB roW*- 
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the iron ana copper being converted into oxides and the^ilver 
into sulphate (this salt being very stable, as already me/ltioned).'^; 
To avoid decomposing silver sulphate the roasting must be; 
stopped before a sample ceases to give a blue solution (presence i 
of CUSO 4 ). The silver sulphate is leached out with water conr, 
taining a little sulphuric acid (to prevent the formation of basic; 
salts) and the silver precipitated by copper, the copper ®being 
recovered by means of iron. 

The precipitated silver is w'ashed with dilute sulphuric*, acid to ' 
remove remaining basic copper salts, pressed into blocks^ fused : 
and refined by an oxidising roasting (sometimes with^the addi- 
tion of saltpetre) in a reverberatory furnace. 

3 . Wet Processes for Winning Silver. — (A) Extraction of 
Silver by the Use of Mercury for Collecting and Dissolving it 
(Amalgamation Processes). — In amalgamation processes reduc- 
tion of the silver in the ore to the metallic state — a necessary 
preliminary — is most readily effected when the sjl^ep’is in the 
form of chloride, on which account the ores containing sulphides, 
etc., are either roasted with salt,* or, if fuel be scarce, treated 
during the process with copper chloride (in the form of a mixture . 
’ of salt and copper sulphate) which is capable of reaction with' 
silver sulphide at a sub-tropical temperature. 

{\) Armlgamation Process with Iron as a Reducing , Agent— 
{a) Barrel Process. — This method, w'hich is now obsolete, is a 
typical amalgamation method, and may be briefly described. 

The crushed ore is roasted with salt to convert the silver into 
chloride, and charged, together with scrap iron, into rotating 
barrels with enough water to make a thin paste. After some 
hours' rotation, mercury and sometimes a little copper sulphate 
are added and rotation is continued for a longer period. The = 
barrels are then filled with water, and the mercury, Jhiolding 
silver in solution, run off from the bottom. The silver amalgam 
is distilled in iron retorts resembling gas retorts (sometimes' 
under reduced pressure) and the silver recovered. 

( 6 ) Pan Amalgamation or Washoe Process.' — In this method the 
finely stamped ore is graded by settling, it being essential theit^ 
the subdivision shall be fine. It is then ground in an iron pan 
with iron mullers, with mercury and suflicient water, the pan 
being heated to al;out ^5® C. = 185“ F. by steam. The iron of - 
th^ pan and mulhsr^, in conjunctjon with the merwiry, reduces 
the silver to metah^ind an amalgam is formed. It is found that " 
^jp.ven sulphide ores can be worked in this way, a probable ^reason 

fA such chlorinating roas^ngs the sulpKide is first converted into a 
sulphate which then reacts with l^io sodium chlofidc, giving sodium sul- ■ 
phate and a chloride of the metal under treatment. ' "a 
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iT3i«t i that the ore is in a fine state of division ancK^e temper 
iture' IS high. Occasionally, however, such ores ar(.J|jbjeotcd 
Ek chlorinating roasting, the amalgamation being nnffl rapid and 
effective after this treatment. Sometimes chlorina^Ji agents 
5 .g., copper chloride — are added to. the charge, theiJffition being 
similar to that described under the Mexican procesB^.w). The 
contents of the pan is washed into a separator. is a tub, 

the bottom of which slopes from the centre to the cmfflimference, 
and is traversed by a number of rakes. There enough 

wat^ in the tub to allow of a fractional subsidenccWJe mercuiy 
and amalgam collect on the bottom, and are run strained, 
and distilled in the usual way. H 

A continuous process is also in use in which thi|Hulp passes 
automatically through a series of pans, the first tv\H|)r three of 
svkich are arranged for grinding (Boss process). 

• (2) Amahjanialion Process ivith Mercurjf as a Agent 

(Mexican, Bkoccss ). — Crushed ores are ground to ^Hwder in a 
primitive edge-runner mill, together with a littlMBnercury if 
free gold or silver be present. The ground ore, iiijS^ie form of 
a mud, is spread on a floor and trodden by muleHcvith about 
4 per cent, of common salt. Mercury and “ mafflS^ 'al ^ (i.c., 
roasted copper pyrites, consisting chiefly of CuS 04 ,||BBS 04 , CuO - 
and Fe 203 ) are added, the former to the extent Bl about six 
times the silver content of the ore. After a furtheMBjtermixture 
a hot solution of copper sulphate, in proportion RB'ving with 
the amount of sulphur and arsenic in the ore, is on to the 
heap. Copper precipitate may be advantageousl^JHdded, pro- 
bably because its reducing effect on the silver supS Jiients that 
of the mercury. The chemistry of this and like y Rcesses has 
not been thoroughly worked out, but the chief reaetjj m occurring 
appeal to be (a) the reaction of copper sulphate| |th sodium 
chloride, giving cupric chloride and sodium sulphSI; (6) that 
of cupric chloride on silver sulphide, giving (‘upricl jlphide and 
silver chloride, the latter then dissolving in the soluB | of sodium 
chloride ; in a similar way cuprous chloride can decHRposc silver 
sulphide, forming silver' chloride and metallic ^er. Ferric 
chloride is also present, and reacts with silver s^l®^^, forming 
silver chloride, ferrous chloride, and free sulphiit^’; the reduc- 
tion of silver chloride to silver by me^'curj^, aid^B^y copper, 
^ith the fcfmation of mercu«ous chloride asiS cup^i chloHde ; - 
and (^) the formation bf silver amalgam by the Bt ^ractioii of^ 
silver and mercury. When these changes are 
mercury is added to the Charge, and the whole stinfflj 
ill a tank; the silver amalga,m %ettles, is run olMnd filtered 
ihrough canvas to separate the excess of mercjBS from the 
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semi-solid amalgam. The amalgain ia distilled, frequently by 
the simple process of heating it in a series of vertically disposed 
trays covered by an iron bell standing in water ; the upper part 
of the bell is encased in a furnace, and the mercury condenses 
in the water reservoir. 

The Mexican process as just described is now becoming obsolete, 
having been greatly modified in recent years by the introduftion 
of fine grinding in tube mills in conjunction witli the cyanide 
process {v.L). 

Otlier modifications of the amalgamation process arg the 
KronJee and Francke processes. The former depends og the use 
of a liot solution of cuprous chloride in common^salt for decom- 
posing the refractory silver compounds, the operation tifking 
place in revolving wooden barrels. The silver is finally reduced 
by means of an amalgam of zinc or lead. In the Francke process 
the ore, after chloridising roasting, is made into a pulp with*a 
10 per cent, solution of sea salt, and introduced, Vattf wooden 
barrels provided with copper bottoms and side plates. Mercury 
is added at intervals, and the mixture is heated by steam and 
agitated by mullers. The chemical reactions which take place 
cause copper to be dis.solvcd, while silver cliloride and silver 
are amalgamated, 

(B) Extraction of Silver by Dissolution and Precipitation. — In 
the preceding processes, both dry and wet, concentration by 
collection of the silver in a solvent (lead and mercury) has only 
been possible after reduction to the mctallk^ state. In like 
manner, in the processes about to be described (excluding the 
cyanide process, which is considered later), the silver has to be 
converU^d into chloride before its dissolution and extraction. 
Only two solvents are commonly employed — viz., a strong 
solution of sodium cliloride and one of sodium or calciuqi thio- 
sulphate. 

(a) Extraction with Sodium Chloride and Precipitation btj Copper 
(AugustinFs Process ). — Both ores and copper mattes are first 
roasted alone, by which process the bulk of the sulphides is 
converted into oxides, but owing to the stability of silver sul- 
phate {v.s.), most of the silver sulphide is converted into this 
salt. The roasted material thus contains most of the (■o])per 
(and iron) as oxidf, but a portion as basic sulphate ; most of 
thcF silver is as sulphate, but a j^jirt still as sulphide. On re- 
roasting with salt, the oxides arc unattacked, whilst the sulphates 

copper and silver are converted into (‘hlorides bf double 
"d^Gni^osition. The residual silver sulphide, when roasted in 
the presence of sodium clilotide, undergoes the change char- 
acteristic of a chlorinating roasting, forming, first, sulphate, and 

< € ■ I. f 
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i tiien* by double decomposition, silver cdiloricb* and sodium 

* sulphate. In the Zieh ogel process (see Copper, p. 255), the wliole, 
of the silver sulphide must be converted into sulphate in order 

■ to be extractible, necessitating vervf..are{ul roasting, whereas in 
; the present case, residual silver s.ilphule from the lirst roasting 
is not lost because afterwards transformed into cldoridc^ The 
final^product, whether from matte or ore, consists of copper 
oxide (and ferric oxide), silver chloride, and sodium sulpliate. 
From this the silvcT chloride is extracted by leaching with a hot, 
strong solution of common salt, in which it is fairly soluble.’*' 

. The brine containing silver chloride is filtered through a layer of 
cement copper (see y). 255), the silver being y)reciy)itated and the 
copper going into solution ns chloride. The cement silver is 
washed with hydrochloric acid and refined in the usual way. 
Th« Augustine yirocess is now seldom used, excej)t occasionally 
in^conjunction with the Patera process (va.). 

The prlu'ijjes of this procc'ss have been apj)lied to the treat- 
ment of argentiferous coy)per bottoms (now' generally refined, 
with recoverv of silver, by eh*(‘trolysis — sc'o p. 2()0f, which are 
granulated, roasted to oxide, ground and roasted again with 

• ferrous sulphate, which acts in the samti wav as the sulphate 
resulting from tlie roasting of a matte (detailed above). I. he 

. product is leached with water as in the Ziervogel yirocess (p. 255). 
and the roeidue, containing silver as sulj>hide, is roasted with 
salt and extracted in the manner yuoper to the Augustin ywoc'ess. 

The recovery of silver from burnt pyrites by the Clmvlet 
process resembles the Augustin as far as tlie obtainment of a 
solution of .silver chloride in sodium chloride is conciirned, but 
the silver is separated by y)rcciy)itafion with an iodide, the silver 
iodide being collected and reduced with zinc, yielding the silver. 
The ziyjc iodide thus formed is used for yirecipitating a fresh 
portion of the chloride solution. 

(b) Extraction with a Ilffposulphitc (tliiomlphate) and Precipita- 
tion as Sulphide (Patera s Procc,s%v).— The preliminary ojierations 
do not differ in yirinciple from those already mentioned as pre- 
ceding extraction with sodium chloride. Inasmuch as in this 
process the solution of silver chloride is to be treated witli sodium 
sulphide (v.i.), it is advantageous to wash the product of the 
chlorinating roasting with water, in order to rijrnovc the chlorides 
of copper, zific, iron, el<*., whi^h would otheiw^se be precipitated 
as sulphides, together with the silver sulpiride. The residues 
from this washing are treated with a cold solution of 
thiosulphate (or calcium tliosulphate, as in tlie Kiss proccIsJ^Blc 

* 100 parts of watfT saturated with sRdium chloride dissolve 0*4 pari ol 
Ailvrr chloride, at 100 C. = 212° F. 
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eficJoaed in mualm bags, which reUiiii gold, phitiiiiim, 
(the last as PbCh,), while silver and copper are diasol 
|?<Xi former alone being deposited on the cathodes, which c( 

' thill silver plates. The silver is obfained in a rough crysU 
and is removed from the cathotles by s(Tn])iiig with w 
Its purity may be as high as 0‘.)*0r) ])(‘r cent. 1 
pnijivived form of the Moebius cell a revolving sheet ca 
■is wholly immersed in the electrolyte, and the silver erj 
on this are automatically removed by a scraper at 
1^ oi the vat. The anodes are placed in porous trays 
the cathode, and can be examined without stopping the pr 
The Balbdch 'fjfocess^ as used at Newark, U.S.A., is ossen 
.the same as that just described, and differs from it main 
the construction of the cell. 

S Dietzel has worked out a process for separating copper, s 
an8 gold in alloys, which has been in use for some years at 1 
heim. A sjlcJ^iion of copper nitrate containing free nitric 
.is employed as the electrolyte in a vat divided by a^diapl 
into two compartments. This solution dissolves silver 
copper from the alloy anodes, and the silver thus dissol 
^.rfc\:ipitated chemically by the action of copper scrap i 
“.adjacent vessel, the regenerated copper nitrate being ret 
"to the cathode compartment of the cell, where the cop 
deposited oti pure copper sheet cathodes. The gold is obt- 
as an insoluble residue from the anode compartment. 

"■ A. G. Betts has patented a new method for refining h 
^ in which the electrolyte contains 4 per cent, of silver as 
methyl sulphate, and 4 per cent, of methyl sulphuric acid- 
addition of carbon disulphide is found to harden the d 
of silver. The latter is both hard and solid, unlike the 
r crystals# which cause such difficulty in operating the M 
" and Balbach processes. 

• Properties and Uses of Silver.— Silver has a specific gravi 
10-53, and a fusing point of 960° C. = 1,760° F. It is tli 
^ known conductor of heat and electricity. It is characteris' 
its stability in air free from sulphureous gases. Molten 
^^sorbs 22 volumes of oxygen from the air, and the gas is 
again with much vigour during solidification (the so* 
spitting of silver). It may be prevented l|y the addit 
small quaiAity of some oxidifcable inetal — magnesiu 
probable that molten silver forms the oxide Ag^, wl 
at high temperatures, although it is instantly deco 
^ red heat. For use in coinage an^J ornaments it is a 
.^E0i copper, which lowers its melting point, prevents I 
makes it harder without sensibltr impairi* 
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malleability oi altering its colour. Thus, English sterlii-^ silver 
contains 92*5 per cent. Ag and 7*5 per cent. Cu. In most other 
countries the coinage contains 90 per cent, silver. In the pure 
state silver is largely used for silver-plating, being deposited 
electrically from the double cyanide of silver and potassium. 
The deposit from such a bath is dead-white, and requires ^o be 
scratch-brushed. By adding a little carbon disulphide, how- 
ever (1 part in 50,000) a bright deposit of silver is obtained. 
An alloy of silver and cadmium, containing 10 per cent, or morq 
of the latter metal, has been deposited eloctrolytically, »nd is 
less easily tarnished than pure silver. On acxiount oithe fact 
that silver can be deposited as a brilliant adherent film on glar^i, 
mirrors made with an amalgam of tin and mercury (see Mercury^ 
p. 323) have been largely replaced by those prepared by allowing 
a solution of ammonio-tartrate of silver to deposit the mStel 
on a clean glass surface, the reduction taking place ^vhen the 
solution is warmed. Silver-tin alloys containing fifdlTL 40 to 60 
per cent, qf tin, and silver-platinum alloys containing from 
25 to 35 per cent, of platinum are used in dentistry. The former 
are mixed with about an equal weight of mercury ; the pasty 
amalgam thus formed becomes quite hard in from 24 to 48 hours, 
'due to some molecular change. The platinum alloys are hard, 
but ductile, and are also used in jewellery. The alloy containing 
33 ‘3 per cent, of platinum has also been used as a sb^mdard of 
electrical resistance. 


GOLD. 

Sources of Gold. — Gold is nearly always found native, alloyed 
with more or less silver. It occurs massive as nuggets, weighing 
from a fraction of an ounce to many pounds, and in veins dis- 
tributed through quartz, generally associated with sulphide 
minerals — e.g,, pyrites and galena. In places where such veins 
have undergone a process of weathering, finely-divided alluvial 
gold is found in the beds of rivers now flowing or of ancient date. 
For the most part these gravelly deposits are loose in texture 
and easily disintegrated by water, but are sometimes found ^ 
agglomerated in mf^isseS which have the appearance ^pf bed-rock,';^ 
In the above cases/the true gan^e is of a siliceous charactet,^^ j 
and the gold is comparatively easy to extract. There ^isp how- j 
evj^ ^ considerable quantity of gold, the gangue of which con~, 
sists m p 3 nrites or galena cwitji which the gold is so intimately 
associated as to have given rise to the opimon that it also is 
sulphid^ This does not gppej^r to be the case, but^JpllAided ofp 
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^^•(cfflaveritc, AuT^.,) and silver are known. Gold is also a 
soye-product of the winning of other metals, notably silver, copper, 
■'and lead. The chief gold-producing countries are Africa (Trans- 
' vaal, Rhodesia, and West Afric.a), Australia, Amerii^a (California), 
and Russia. Gold is widely distribiitcd in the western rnount^iins 
of N^rtli America, alike in Mexico, the United States, and (.^nada, 

' reaching as far north as the Klondyke district. The chief Phiro- 
pean mines are found in Hungary. G(>ld is also widely distri- 
buted in Asia, especially in Borneo, ('hina, Japan, Korea, and the 
DutclfcEavSt Indies. The composition of native gold falls between 
,the limil^i gold 01*77 to 00*2 j)er cent., silver 35*23 to 0*43 per 
- cent., iron and ^ther minerals up to 0*28 per cent. 

Wbning of Gold. — The bulk of tlie world's production of 
? gold is obtained by comparatively simple ])r(Kesses, depending 
(a)^pon the high specific gravity of the metal (19*32 when pure), 

, and (6) ujdou the ease with which it is taken up by mercury. 

. Certaiif oiW A) not give a satisfactory yield on treatment with 

S ercury, and Jire known as “ refractory ores, as tystinguislied 
om ‘‘ free milling ’’ ores. The tailings from the amalgamation 
process often contain heavy iriinerals — c.y., j)yrites and galena, 
ywhich carry gold, '.rhey are, therefore, treated by concentration, 
and the concentrates smelted with lead or roasted and treated 
"by the chlorination process (r.?.). Refractory ores are treated 
Vby smehiri?^, cyaniding, or chlorinating, according to circum- 
stances. "^riie gold obtained by any of these processes is melted, 
( cast into bars, and relincd. The washing and amalgamation of 
(gold are mechanical proc.esscs, which will be dealt with here to 
■illustrate typical methods for the concentration of ores generally 
’( by mechanical means. Such processes for winning gold as 
depend upon strk'tly chemical principles w iil be described later. 

Concentration of Gold and Other Ores. — The fundamentiil 
principle underlying the mechanical concentration of gold ores 
is that when two particles of identical shape and equal volume 
'. but different weight are allow ed to fall through a resistant mediuni, 
that which has the greater weight will fall faster than the other. 
; .It follows from this that the difference in specific gravity of two 
/(jubstanccs is an index of the ease witli wliicli they may be 
' separated in this manner, provided the conditions of identity of 
shape and volume be mainta ned. But*by increasing the sizt 
K'.of the parti(!le of lower specifite gravity it >411 eventually falUas 
‘feust a%that of the higher specific gravity, because the surface if 
^■^^po8e8 lo the resistance of the medium is smaller relajivc ^to 
r!-;the impelling force (its wiight). Alac^ by altering the shf^e oj 
-^ihe particle of lower^pecific gravit^% so that it presents a smallei 
^tifface fbr ij^iver volume than do^s the particle ®f higher^specific 
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J gravity, a similar compensating effect will be obtained. TShus 
pt is, that, though in ideal concentration the particles will be of 
identical size and shape and of different specific gravities, yet, in 
practice, imperfection of sizihg and irregularity of shape necessi- 
tate large differences in specific gravity to compensate for these 
disturbing factors. The great difference in the specific gravity 
of gold (If* *3) (native gold containing silver may liave a specific 
gravity of 17 or less) and siliceous gangue (2*7) leaves a larger 
margin for providing this compensation than is available in 
most other cases. ^ 

Winning Alluvial Gold. — For a long time the mere ^washing 
of auriferous sands in pans where the necessary ^^uspension was 
attained by hand-shaking, sufficed for winning gold. no 
sizing was attempted, only a crude separation was thus possible. 
The “ cradle,** which is an inclined trough set on rockers, c©n- 
stitutes a development of the pan.* It is plain that the proce^ 
of permitting particles which are to be separated, tft .fair through 
a resistant medium, can be replaced by the plan of causing the 
medium to flow over the particles in a thin layer. An additional 
cause for separation here occurs — viz., the difference of velocity 
of the upper layer of a thin stream of water and the lower layer 
contact with the channel through which it flows. This dif^ 
ference of velocity will allow of a still larger deviation from 
identity of size and shape, because the larger particle^y’ y-iiil stick 
- up into the uppei* layer of the stream, and their upper parts will 
be exposed to its full force, so that they will tend to be carried 
on in spite of their size. 

This principle is applied by washing the crushed ore or auri 
ferous sand down an inclined plane with a thin stream of water. 
The separation is aided by rendering the floor of the channel 
rugose. Thus, the inclined channel is sometimes covered pwith a 
blanket or by “ riffles *" — ^.c., strips of wood dividing it inta^ 
chequer work. In recent years perforated iron plates and 
“ expanded metal ** have been largely used for this purpose. 
When working auriferous gravel on a large scale, the method 
adopted is to direct a powerful jet of water on to the slope, th^ 
surface soil of which consists of the gold-bearing material, the| 
process being termed ‘ hydraulic mining.** The debris is c6ii«; 
veyed down a long^^pluice consisting of a series of wooden troughs 
set at a gradient of about 8 to 18 iiKjhes in 12 feet. ? 

The bottom of tne troughs is covered with riffles, in yhicli, 
the goid collects. The collection of the gold is aided hy putting; 
merCiWy in among the riffle^. Methods 'of catching gold by means 

* In this case a rough sizing of the gold-bearing gravel by means of a, , 
riddle at the head of the cradle is generally adopted. r* 
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mercury may be combined wiSli all ordinar 

^ The use of “ drod^res ** for winning alluvial gold 
during the last few ywti The dredge 
Bat-bottomed boatvS, with machincr;J: or raising grav 
bottom of a stream, lioisting it on wasliing it o 

tables to save the gold, and finally »l limping the ta 
uoard at the stern. 

Winning Gold from the “ Ore.* —By ore is here 
ifbck-b^aring gold, hard enough to require comminuti^ 
means tl^n mere washing (“ quartz 
mining Th^chief processes requi- 
site tfie : — 

1 . Comminution. — The ore is first 
put«through a stone-breaker and then 
potinded in a stamp mill (Fig. 51). 

This consists a series of vertical 
pestles of great weight and shod with * ’ 

iron, alternately raised and allowed to 
fall by a shaft and cam, C, operating 
a tappet, T. Tlie stamp, ST, with its 
head, S, strikes upon an iron block oi- 
shoe, D, in the mortar, M, into which 
the ore K.fAi. Tlie mortar is covered 
and is provided with a hopper on oin^ 
side for receiving the broken ore, and 
a rectangular opening opposite to this 
in which a screen, SC, to retain coarse 
fragments, is fitted. Most of tlie 
crushing is generally done dry and a. 

Stream Water is then let in, tin* 
motion of the stamps being continued. , 

The crushed rock is thus churned with 
tjie water into a thin mud {slimes or 
pulp), the gold, if in large particles, ^ 

finking to the bottom of the mortar, 

)smd being collected by mercury in the 

surrounding the block, D. t. Tappet ; C| 
finer gold is splashed up and 

flr^nra flirnnirli t.hf* with I “b 
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as rapidly 
3 used are 
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flows through the scree« with " * 

P>t' slin^es, or adheres to amalgamated 

plates which line the sides of thf» mortar. 

2. Amalgamation. — That? part of ^^old which i3| 
the stonps is colleSted by cuiw^iiSStion and amal: 
follo^iii" mo’iiier: — In passiujg Vito the slu^cefj^ 
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first traverse amalgamated copper plates where much of ^c^gok 
is retained, a further portion being caught ""by the blankets witf 
which the sluice is lined, from which it is afterwards washed anc 
collected in mercury by the'^aid of an amalgamating pan. Aftei 
flowing through the sluices, the main slimes, together with thos? 
from the amalgamating pan, pass into some form of “ rubber,^' ii 
which they are triturated between icon surfaces in order to bri^ter 
the surface of the particles of gold, and thus enable them to b( 
amalgamated, such amalgamation being often performed in th( 
rubber, which is fitted with amalgamated copper plates. ^ 

The system of amalgamation inside the battery by the ijpr inkling 
of mercury in the mortar and the use of internal amalgamated 
plates is now falling ijito disuse. Moreover, ball-mills* and 
roller*mills are now frequently used instead of stamp batteries, 
especially for dry crushing. • 

3. Concentration Proper. — It will be noted that during the 
passage through the sluices and over the copper concen- 

tration as well as amalgamation takes place. A certain amount 
of finely-divided gold will, however, escape with the slimes from 
the rubber, and this may he further concentrated in a systematic 
manner. The tailings from stamp battery amalgamation are 
:>now usually treated by the cyanide process (r.t.) without any 
previous concentration. When a process of concentration je 
used it is carried out by first sizing the material in? ^binted 
boxes'' having a V-shaped bottom in which there is a slit tc 
permit of the passage of those grains which are of such a size 
and specific gravity as to sink. By using a series of such boxes 
of increasing cross-section the flow of water bearing the slimes 
will at first be too rapid to allow” of any but the largest equal- 
falling grains to reach the bottom, become less rapid as it proceeds, 
and depositing successive fractions of decreasing size. Tl^e sized 
sands are then concentrated in sluices as before. Further con- 
centration is effected in inclined rockers, buddies,* and tossing 
tubs.f 

In modern practice a Frue vanner serves for concentrating th^ 
slimes. This consists essentially of an endless sloping rubbei 
belt carrying a stream of water, which flows in the opposite 
direction to that in which the belt is moved. The separating 
effect of the stream is ihere aided by the opposite motion of the 
belt, which also receives an oscil^tory movement that favour? 
segregation. The first-falling particles are thus collected ^t one 

$ 

♦ huddle is generally a round box i ith a coned bottom, slopini^ 
towards the circunfierence, oyer {t^hich brushes, on radial arzpSf ari 
carried. 

t Circular vessel^ provided with rotating agitators. 





__«of the machine, whilst the remainder flows off at the other 

z- It will be seen that during these treatments a large proportion 
the gold has been collected in •mercury in the stamps and 
sluices, and another portion as concentrates (associated with 
The gold amalgam is collected and distilled* in the 
maffner 'already described for silver (p. 330). After squeezing 
"in wash leather the mercury is distilled off in cast-iron retorts. 
The residue contains gold, silver, base metals, sulphides, and 
'some^ mercury. It is melted in graphite crucibles with borax, 
soda carbonate, nitre, and sand. A fusible slag is formed which 
contains the sulphur and the greater part of the base metals as 
silieates. The^raolten material is poured into ingot mouldc, and 
the slag and bullion afterwards separated. 

Before leaving the subject of amalgamation it may be said that 
the cleanliness of the mercury is essential for its proper utilisation. 
As it ten h become foul by use it is “ quickened by stirring 
^it with a solution of potassium cyanide or dilute acid, but is best 
restored to purity by distillation. Mercury contairtng a small 
quantity of sodium is said to be efficacious in keeping the bulk 
;^of the mercury active as a solvent. The concentrates (v.s.) are 
roasted to remove sulphur, and are either amalgamated or mor^^ 
usually chlorinated (v.i,) for the recovery of the gold which they 
contaii^ iRich concentrates may be smelted with lead and 


cupelled. , i.. 

Winning of Gold by Chemical Processes.—!. Chlorination.— 
The roasted ore, usually in the form of concentrates, is moistened 
and put into a wooden tub lined with some chlorine-resisting 
material, such as tar, and provided with a false bottom beneath 
which a pipe from a chlorine still opens. The tub and the chlorine 
still are shown in Fig. 52. The attack is continued for some 
Tiours in the closed tub, and at the end of the time water is poured 
in to cover the ore, and the solution of gold chloride filtered. 
The chlorine should be washed free from hydrochloric acid, so 
that it may attack only the metals present and not the oxidesr— 
ferric oxide from roasted pyrites — nor the sulphides re- 
maining from imperfect roasting, as in the last case HgS would 
Nic evolved and precipitate gold. The necessity for the absence 
^ sul phides makes it requisite that the routing should be as 
a« possible; whep alkaline eajnisr— €.(/., lime— are 
a chlorinating roasting by the addition of salt is advis- 
as otherwise such materials lead to the consumption of 
SffloT'iViX- in extracting th# gold. The dissolution of the gold ifiT 
aided by pressure applied* either to the chlorine or 
to the solution in the extracting vessels, and by 
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A the use of revolving or tumbling cylinders to agitate thenoro' 
ming extraction. In the latter case it is ulual to generate the 
chlorme inside the barrel itself by means of sulphuric S and 

eteS? the sofion oTgold 

chloride is precipitated by a solution of ferrous sulphate— * " 

2Au01j + (iFcSO^ Au. + FejCl, + 2Fe,,(SO<),, , o 

by SO.„ 01 by filtration through charcoal. The cause for the 
reducing action of the last-named is obscure. In the barrel 
process it is customary to precipitate the gold by means oLsuI- 
phuretted hydrogen, and the sulphide of gold is filter-nressed 
roasted on iron trays, and melted with fluxes. If base^metal 

urLmtant^ fwrous sulphate ft used as Ue 

precipitant. The chlorination process, although still used for 
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2. Cyanide Extraction (M'Arthur- Forrest Pr,ycess).-lt has 
been found that a weak solution (e.y., 1 per cent, or under) of 
^potassium cyanide can be profitably used for extracting cold 

3 to oLur The reaction' . 

4Au + 8KC\ a- O., - 1 - 2H,0 = 4KAu(CN), -J- 4K0P, 

element or radicle bping 

Pom?4n — cyiiiogen. ^ 

* pieliminary treatment before ex- 

ction. Tailmgs from other processes are first sizf^d in the 
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rtlaii^er described ^nder “concentration” (p. 338), the sanda 
and slimes being treated differently, as described below. Latterly, 
it has been found advisable to reduce these tailings to a fine'slime 
in tube mills, to pass the producl over shaking amalgamated 
copper plates, and then to extract it with cyanide solution. 
Refectory ores may need roasting before extraction, llnd for 
this purpose automatic furnaces are now almost universal.' 
Occasionally the ores are first washed with water to dissolve out 
any soluble matter, or with a solution of soda or lime to neutralise 
any geid tliat may be present due to the decomposition of pyrites, 
etc. A^ter this jircliminary treatment the ore in the form of 
sands is treated by pen^olation with a solution cantaining 0*1 
to 0*35 per cent, of KCN in large vats of wood, iron, or cement, 
holding 50() to f)()0 tons, and provided with false bottoms covered 
with (‘anvas. A “ strong ” and a “ weak ” solution are often 
applied in succession, the time of treatment by the strong solution 
varying u*on\.‘21 to 18 hours, 'fhree or four additions of solution 
are usually suffiedent for complete extraction, and the ore is often 
aerated between <iach addition. On the other hantf, fine slimes 
are treated by agitation with a more dilute solution (containing 
0*01 per cent. KCN), and afterwards separated cither by decanta- 
tion or by moans of filter presses. The liquor thus obtained is rufc 
into troughs containing zinc shavings coated with precipitated 
lead t>;, ■ fickling in a solution of lead acetate. The zinc-lead 
couple tlius formed is found to be a more effective precipitiint 
of gold than pure zinc. The lead itself, however, remains un- 
changed, the gold being precipitated according to the following 
equation : — 

l’KAiKCN),. f Zn K/,n(CX )4 }- 2Aa. 

•‘Zinoidust” is also used for precipitating gold from cyanide 
solutions. The residue containing the precipitated gold is washed 
and treated with dilute sulphuric a(‘i(l or sodium bisulphate, in 
order to dissolve excess of zinc and to decompose any cyanide 
present (c.f/., zinc cyanide, which may be deposited as a white 
powder). The slimes are Avashed Avith hot Avater, filtered, dried, 
gand fused Avitli fluxes (soda carbonate, borax, and sand) in* 
graphite crucibles. A more recent process, which is said to 
effeett a saving in (;ost, and to be attended ^y less loss of gold, 
,18 Tavener s lead smelting illetliod, in avWcIi the slimes, alter 
filtei^pressing, are fused Avith litharge, Huxes, and saAvdust in a 
reverbeiatory furnace for the production of ..a lead bullion con- 
taining 8 per cent, of golS, Avhich if aiterwards cupelled. 

An'alteriii.te plan of recovery consists in running the cyanide 
l^]Uor into a tai.k filled Avith iron anodes and sh^et lead cathodes. 
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Hipon which the gold is deposited by a Jfpeble current^ 
cathodes when loaded with gold are removed and cupelled. 
anodes are enclosed in bags to retain any Prussian blue forrae( 
by the action of the cyanide upon them. 

Telluride ores, such as those of Colorado and West Australia 
need special treatment. Two methods are largely used fo: 
dealing with these ores. In the Diehl process the ore is*cruslie( 
with water in stamp batteries, amalgamated, concentrated, am 
the tailings separated into sands and slimes. The concentrate 
are dried, roasted, and sent back to the crushing mill, o Th< 
sands are reground in tube-mills, and the whole of the fine^jnateria 
is then agitated with cyanide solution to whidj^ some bromo 
cyanide is added, and filter-pressed. In the Marriner prdibesi 
the ore is crushed dry in roller-mills or ball-mills, and roastet 
dead. The product is ground with mercury and cyanide solutsoi 
in pans, and the tailings are agitated with dilute cyanide solutiol 
and filter-pressed. ^ 

3. Collection of Gold in a Pyrites Matte.— The auriferoui 
pyrites is smelted with an alkaline flux (e.y., limestone) to re 
move quartz ; about half the sulphur of the pyrites is vohitilisec 
and a matte of ferrous sulphide obtained. This is roasted am 
tmelted with a fresh quantity of pyrites, the siliceous matter o 
which fluxes the iron oxide formed during the previous roasting 
The series of processes is repeated until a matte rich*i^ gold ii 
obtained, when it is again roasted and fused with lea,d whicl 
dissolves out the gold, and is cupelled for the recovery of th( 
precious metal. 

Refining of Gold. — However won, the crude gold is run int< 
ingots, and is usually refined at the mint, where it is coined 
The gold obtained by chlorination contains V)9'7 to 91)’9 per cent 
Au, l 3 ut that from most other processes may be considerably les 
pure, containing silver as the chief impurity. As both gold am 
silver are not oxidised in air at any temperature, they are collected 
together by cupellation, and cannot be separated by continuin| 
the process. Three methods are now used on a large .scale fo 
parting gold from silver — viz., the chlorine, sulphuric a(“id. am 
elec t roly tic proc esse.s. 

1. Removal of Silvel as Chloride {Miller s Process ). — Whei 
chlorine is passed 'through fused gold the metal is unattackec 
because the temperature is above tAie decomposition temperature 
of gold chloride. »^ilver chloride on the contrary is staUe a 
this temperature. Thef»e principles are applied by' passioj 
chlorriie through a fireclay pipe to tlie bottom of the crucibl 
containing the melted gold. . A layer of fused silver cklorid 
separates on the^ surface of tlm gold, and any antimony. ^rSenk 
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refining (p. 332). The anode mud from this process, contayiing^ 
gold, platinum, and lead, is melted down arid used as the Anodes? 
in the Wohlwill process, in which the electrolyte is hydrochloric : 
acid. Gold, copper, etc., are dissolved at the anodes, and pure ;; 
gold is deposited at the cathodes, silver remaining undissolved, 
in An^erican practice gelatine is added to the electrolyte in the 
Moebius process, and the silver deposited in a coherent in^ead 
of in a granular state. The electrolyte in the second stage (t.e., • 
the Wohlwill process) contains from 2 to 10 per cent, of hydro- 
chloric acid, and from 2*5 to 6 per cent, of gold chloride, and ia* 
maintained at a temperature of 60° ox 70° C. The cathodes are 
sheets of pure gold. Silver chloride is deposited as tfli anode 
mud, base metals are dissolved as chlorides, , aM accumiriate 
in the solution, while practically pure gold is deposited on the 
cathodes.. The electrolyte is renewed at intervals, and the g^ld 
remaining in it is precipitated by means of ferrous sulphate. 
Platinum, palladium, etc., are dissolved with the ^oldf but are 
not precipitated at the cathodes, and accumulate in the solution. 
They are afterwards precipitated by means of ammonium chloride 
The recovery of these metals constitutes an important advantage 
in the Wohlwill process. 

Properties and Uses of Gold.— Gold melts at 1,064° C. = 
r,948° F. Its specific gravity is 19 ’32 when cast, but can bo 
raised to 19*65 by hammering. It is a most resist^nV^etal, 
being very inactive chemically, on which account, as w^ll as on 
account of its comparative rarity, it is suitable for coinage — its 
chief use. Unlike silver, it is untarnished by sulphur. An 
arbitrary method for computing the fineness of gold consists in 
stating the proportion of Au with reference to the standard 
24 carats for pure gold. Thus, the sovereign, 22 carats fine, 
contains 91*66 per cent, of gold and 8*33 per cent, of alloying 
metal (in England copper, but in Australia silver). Most loreign 
coinage contains 90 per cent, of gold. The only alloys of gold 
of importance are those with copper and silver. Alloys con- 
taining iron are, however, used to some extent in jew’ellery 
in France ; those containing 15 to 20 per cent, of iron are known 
as “ or gris” and that with 25 per cent, of iron is “ or bleu'* 
The industrial uses of ,gold are limited by its high price. It^ 
withstands the action of sulphuric acid better than does platinum, 
and is, therefore, adopted for lining platinum vitriol stills. Being, 
very malleable, it i^'used for malting gold leaf for ornamental 
gilding. Gold-plating by the electrolysis of the double ^cyanide 
of gold ^iid potassium is also largely practised. 



WINKING OF PLiWIKpM. 

PLATINUM AND ITS CONGENERS. 

- The metiils platinum, palladium, rhodium, osmium, ruthtmiuiK, ^ 
and iridium constitute what is known as the platinum group, ; 
and occur associated together in. the luitive state in alluvial 
deposits — chiefly in the Ural district. The composition oi native 
platinum may be gathered from the following analysis : — 
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The ore « often assoc iated with grains of a liard i 

refractory alloy 


of osmiun'i ’ ;md iridium (osmiridium). 'PIk' nativt^ grains of 
osmiridium are generally us(‘d for the ])oiiits of |^is. Unlike 
gold, platinum does not readily amalgamate with inercurv, so 
that when gold accompanies the platinum sand it is first ex- 
tracted by amalgamation. ^ 

Platinum has never been found other than native until recently, 
wherT." pi^itinum arsenide, PtAs.,, sperrylite, has been found in 
the pyncic nickadiferous deposits of the Sudbury inimvs (see 
p. 310). 

Winning Platinum from its Ore— The refrac torv diaracter 
and high price of the metals of the platinum group make their 
winning and separation almost a laboratory operation. The 
opening up of the ore may be effected by wet or dry methods. 
By the former process the ore is heated to redness and digested 
with %drochloric acid, .which dissolves the base metals. It is 
then treated in retorts with aqua regia, by which palladium, 
rhodium, platinum, and a little iridium are dissolved ; osmic 
acid passes over into the distillate ; and osmiridium, ruthenium, 

. chrome iron ore, and titanic ifon ore remain undissolved. The 
solution containing the platinum is neutralised with sodium- 
"carbonate, and the palladium is precipitated from it by mercuric 
cyani'd?. The platinum, together with ^ liUle iridium, is then 
precipitated as the double clj^loride with agnnonia, (NHj._,Pt€lg. 
When this precipitate is ignited, spongy platinum containing a 
little* iridium is left, and is compressed and melted in^a lime 
furnace heated by the oKvhydrogen jet. Instead of hydrogen, 

. Comiryan coal gas w now usually employed. The lime of the 
^furnaccaabsorbs « he slags of the oxides of iron and copper which 
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^ire formed during the operation. The platinum obtained iii^ 
this manner is hardened by the presence oi iridium, an Sdvan* ■: 
^tage for some purposes. ; 

A more modern process c6nsists in heating platinum ore 
a small reverberatory furnace, with galena and some glass.. 
Litharge is then added, an(f the metallic- lead formed by its- 
:jreaction with the galena (p. 268) dissolves the platinunf and its / 
accompanying metals, allowing the osmiridium to sink to the- 
bottom of the charge. The platiniferous lead is run off and: 
cupelled, and the crude spongy platinum fused in an oxyhydrogen* 
furnace, the high temperature of which volatilises any base 
metals present as impurities, as well as silver, gold, p^ladium,. 
and osmium. 

Preparation of Pure Platinum.— This is a matter of some diffi- ' 
culty. Matthey’s process is as follows : — The granulated ayoy 
of commercial platinum with six times its weight of pure lead ^ • 
dissolved in dilute nitric acid. The solution contain:" most of 
the lead, copper, iron, palladium, and rhodium. 'iTie residue is ^ 
digested wfi>h weak aqua regia, which dissolves platinum and: 
lead, and leaves iridium unattacked. Lead is separated in the 
filtrate by means of sulphuric acid, and the platinum chloride 
^ssolved in distilled water and treated with an excess of chloride 
of ammonium and sodium. The whole is heated to about 80° G. 
for some days, and a firm mass of ammonium platincjcWoride 
is obtained. This is washed with ammonium chlctfide and 
hydrochloric acid, mixed with potassium bisulphate and a smalt 
proportion of ammonium bisulphate, and gradually heated to 
dull redness.. Platinum is thus reduced and rhodium remains 
as bisulphate of rhodium and potassium, which is extracted 
with boiling water. The, spongy platinum thus obtained is very , 
pure, and merely requires to be washed and melted. 

' The remaining platinum metals have but few industrial appli- 
cations, and their extraction need not be described. 

Properties and Uses of Platinum.— Platinum is a soft metal 
of great tenacitv ; it has a specific gravity of 21*5, and a fusing 
point of 1,730" ’('. Its (*hemical Inertness' makes it of use in the 
laboratory and chemical works for vessels exposed to strong^ 
; acid.s— c.f/., vitriol stills. The fact that its (‘oeffic'ient of ex*, 
pansion is nearly identical with that of glass enables platinum., 
wires to be sealed*^ t^irough glass ^^ipparatus, as in mdiometera 
and incandescent electric lamps. Platinum has now been re4 
’ placed., ifor this purpose, however, by “ platinite,'* an ^allSy qt 
iron and nickel (see p. Sl7). Platinu n and platinum-rhodiutfr 
. (an alloy containing 10 per o.mt. of the latter metal) thermo-; 
electric couples are used in pyrometry (p. 113). Tlye rcsistan^ 
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jptpiatinum to corrosion renders it and its iridium alloy (10 per^ 
cent. Ir) useful for standard wcij^hts and measures. 

Platinum is very largely used (about one-third of the total 
consumption) in the dental industry, for the manufacture of pins 
idr attaching artificial teeth to the ^late, and for other purposes. 
The^je has also been a considerable increase in the use of phftinum 
in jewellery ; it is said to be th(‘ best material for mounting 
diamonds. The development of electrical technics entails a 
Steadily growing consumption of platinum for anodes (c/. elec- 
trolytic alkali industry), and for electrically heated furnaces. 
By reduction of platinum salt solutions the metal is obtained 
as a very fine Jjiack powder (*‘ platinum black '’). In this state 
it h?is the. property of accelerating chemical reactions ffmong 
gases without itself being affected (’' platinum catalysis ''). The 
moit important industrial use of platinum black is in the contact 
ptocess for making sulphuric acid (see Vol. II.). Platinum salts 
— ejj., pTiilujo^yanides and ])latinochlorides — also find technical 
utilisation in photography and the ceramic arts. 


METALS DIFEICLLT OF REDUCTION. 

Metals, the oxides of wliich have high heats of combination, 
were natuially the last to be reduced in the laboratory, and yet 
later on hn industrial scale. SucJi metals are manganese, alu- 
Ininium, magnesium, and the metals of the alkalies and alkaline 
earths. They are probably all reducible by carbon if the tem- 
perature be liigh cnougb, but in some cases — c.f/., in the case of 
aluminium — tliis is so high that an electric furnace is tlie only 
means of attaining it, when it becomes difficult to assert that the 
effect dile to lioat alone. 1'he volatility of the metals of 
the alkalies, and their conseijuent removal from tin? sphere* of 
re.action, assists the reducing action of the carbon, and enables 
them to be used in their turn a.s reducing agents in methods 
applied for the reduction of less volatile metals. Owing to the 
Act that electrical energy can lie economically produced of any 
Required voltage to corn*.spond with the heat of combination 
of the intended (‘lectrolyte (p. 118), electrolysis often presents 
^adlvaiitages in the*, reduction of metals of J:liis^class. Seeing that 
^any of tllfese metals have % higher heat combination with 
oxyggn than has hydrogen, it follows thaP the electrolysis of 
flqueous , solutions is generally out of tjie question, becawse the 
iVrater would be the ( omjlound cliieHy decomposed, and^he use 
;3pf fus^d salt' — eft., t-hlorides and fhiorfdes — is, therefore, adopted, 
itetead* 
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The chemical energy represented by a metal of this ^lais 
< the free state warrants the prima facie conclusion that it would 
be spontaneously reconverted into oxide on exposure to the^ 
atmosphere. This is true of feome, notably sodium and potassiun^ 
but is not applicable to othe^is — e,g., magnesium and aluminium. 

In \jhese instances two causes may be stated for the inertness. 
A of the metal. The first and most important is that m a largp 
number of cases of exothermic reactions the starting of the 
change needs the impress upon the reagents of a small initial 
charge of energy. This is only a particular case of wiiat 
generally true of the conversion of potential into kinetjg energy, 
and chemically may be compared with the d^|onation of an 
explocive. Usually this initial change is brought about by 
raising the temperature of the metal, which is capable of vigocbiw 
oxidation — e.g., the heating of magnesium wire previous to& its 
deflagration. The second cause, though secondary in kind, mSy 
be of importance equal to the first. It is that the ;gi6fal under- 
goes superficial oxidation, and when the oxide is unattacked by 
atmospheric agencies the coating first formed protects, in great 
measure, the metal beneath. This is well seen in the case of 
aluminium. 

c I. ALUMINIUM.— 1. Ores of Aluminium.— Corundum, alu- 
minium oxide, Al/3.{. This mineral, which is a fairly pure form 
of crystalline alumina, occurs in India, Siberia, and 'the United 
States. It contains about 93 per cent, of Al.U j, anfl is char- 
acterised by its extreme hardness (exemplified by that of emery, 
an impure form of the same substance), on which account it is 
mainly used for abrading purposes. The sapphire and ruby are 
coloured varieties of the same mineral. Its comparative rarity 
and hardness make it unsuitable for use as a source of alupiiniuiU, 

Bauxite, hydrated oxide of aluminium, Al>0.^2Ho(U^ — This 
form of oxide, which is rarely pure, is found in France and Ireland ; 
it varies much in quality, containing 

30 to 60 per cent. 

FeA, . . . . 3 to 2.5 

the remainder being Ohiefly silica, titanic acid, and water pi 
hydration. r 

•Cryolite, a doubfo fluoride of aluminium and sodium, AlgFg . 
6NaF. — Tliis occuij? at Ivigtuk in Greenland as a white, eia'stal- 
line, taunslucent mineraJ, which is readily fusible, and is used 
in the riianufacture of aluminium. 

Clay, which is essentially aluminium silicate, AI^Oo .«>2SiO^ 
2H.,0, and is formed by the disintegration of felsgathic rpGk9j 
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J th# ^lost jibundan^ aluminium mineral, but is not used as a 
Ource of the metal, owintr to the difticultv of separating silica. 
■The chief ore of aluminium, bauxite, has to be treated for 
he production of pure alumina before the metal can be won ; 
br this purpose it was formerly fuj^ed with sodium carbonate, 
odium aluminate being formed and ferric oxide left unatta^ked. 
?he fliass*was leaclied with water and the solution treated with 
lOo, whereby alumina and sodium irarbonate were produced. 
[Tie method now used is to agitate the crushed and calcined ore 
dth a^olution of caustic soda of specific gravity r i5 in a cylinder 
r keir hgated by steam. After about three hours the solution 
i diluted to a sjjecirtt* gravity of about 1-25 and filtered. It has 
een^'oiind that a solution of sodium aluminate prepared iif this 
ray is sufficiently unstable to have its decomposition deter- 
lin^ by the addition of a small (|uantity of alumina, the caustic 
oda liberated being incapable of redissolving alumina hydrated 
0 the exft;ftt oi^that thus thrown down. Sodium silicate is not 
ffected under these conditions (as it is by excess of CO.,), and 
ontamination of the alumina with silica is therefofe avoided, 
'he decomposition h carried out in cylinders provided with 
gitators. In about 30 hours 70 per cent, of the alumina in 
olutioii is precipitated a.s hydroxide. The clear liquor is run' 
ff into w'cak liquor tank.s, (‘oncentrated, and used again. The 
ydrq^ e is filter- pressed, wa shed free from soda, ])artiallv 
(teSBi'v neans of comnressec air, at Q 

emperature of i,(KX)’ (A, when tlie alumina becomes ci^’stalliflS 
f«T» loses its power of absorbing water. H 

2. Winning of Aluminium. Unlila* the gciKaality o metaH 
I'ttiifinium cannot be directly reduced by cari)on at BTTiinaiH 
irnace temperatiin‘.s. as the *r#|uation Al,().. -j- 3C = Alps -f 3(ffl 
ivolves the 'absorption of 3o5 Cal. As aluminium all-ivs wiiffl 
metals witli evolution of lieat, the reduction of i[. in tliH 
viz., as an alloy — can be ettained wilh a smaller alMi\'pti<M 
L heat than when the metal itself is reduced, so tlifM wli^ 
uiHVMii. carbon, aiul coj)})!*!* iwjieatcd to a verv high «tmper.H 
life as in an (‘lecliic furmu e, jii aIuminiuni-coj)p(‘r allov resultM 
indirect chemical method viy a dii(‘ct application of iSlTOricJI 
is con.sc(|uently ado[>tcd for the commercial redifTlion H 
aluminium. • ^ H 

Ind irett Reduction by Chemical Mea^. — Alth-jiij'/h iH 
of aluminium < aii ik* directly redilceci by nwwi; 
y^t one of its most i^fj-actory iompounds, th*? ^>xidS| 
the high heat of conlbiiJ5»tion of 392 Cal., can be cm fertJJ 
S^^pSLloride (Meat of combkati^i 3!?2 Cal.), and this rcduc^ 
ty J;he V -tion of sutWini, itself won by carbon Tig 
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^ ’j “"'"i “^*"*®*® = Consists in be# 

a mixture of alumina and carbon in a stfeam of chlori?i^ 
following reaction occurring :— cmonne, ^ 

: A],0„ + 3C + SCI, = A1X1„ + SCO. 

The sarbon is necessary for supplying bv its iinioi^ witii A 

■SITaSTicr 

- ^though aluminium chloride can be obtained by dissolviiie- 
hydrochloric ^id, it is then an hydrated^ salt, whioS- 

The 3oT? ' “ k hydrochloric acid when jreaW 

The method given above, or one equivalent thereto, is ^ereiere ’ 
essential for the preparation of anhydrous Al.C?,. By using a 

i '‘ 1 "“*"“ alumina, tL double 

chloride of aluminium and sodium, A1.>C1,. . 6NaCl, is obtained 
and IS a more convenient form for the 'subsequent reduction * 0 ’ 

ttrdoS c,2rs 

Al.jClg . tJNaCI + Nag = Al^ 4 - 12NaCl. 

‘K*® process consists in the use of cryolite 
rninfu^md"*" r " /• of alu^, 

(6) Reduction of Alimuuum by Electrolysis. -Wheailirnfinium 

ne^/''^h f ‘■*'1"''®“” solution, they do not? yield thg 
nctal hydrogen being reduced in preference to aluminium 

•ire^Bierif ’ ‘ chloride of aluminium and sodium’ 

salt of aluminium, needing constant renewal, alumina itself (p^re* 
pared in the manner described above) is fed into a bath of fused 
cryohte, in which case the alumina is dissolved and is decomposed 
by the current in place of the halogen salt. - ^ 

rhe process is carried out in an iron vessel, A (Fig. 63) lined 
with carbon, ^^rving to contain the electrolyte, B,^ and to act as' 
^e cathode, the current entering by the copper pins D Passinir 
trough the graphite covers, F, is a bundle of carbon r^T^ 
mmersed in the bath, which is maintained in fusion by the hea^ 
generated by the passage of the current ; this bundle of loAgi 
Mnstitutes the anode and is consumed by the oxygen resultinir! 

hirbc ttiP* "a regularly to the batl’i 

r3r.W i i®“; I ^ of the ves^'l 

® the electroly^ serves for the coUection of the Mparat^l 

utouT oT' pressure requisite is 6 to 6 4lte.. Sfe 

,+ ^ depending tn the number of amperes aiip plj^ ^ 

it this pressure. The process was worked out independi^y 
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ij America, and by Heroult 
processes are practically iiTi! 
whole of the world's output 
^ the Hall or by the H4roult pi'ij 
(where cheap power — e.g,, from 
substitution of aluminium sui~ 
‘alkfline* chloride for aluminium] 
lijiT; been do.vised, and it presenti 
is not consumed — as sulphur is .BJ 
and ^he temperature is too lov 
and that a lower voltage— e.#/., 3 
has not neen found successful in 


ji France, but, as noiv operate^/ 
ical, and at the p time 
aluminium is proo'rTOi either 
ess. The process if; conducted 
waterfall — is obtaiM^^. The 
e dissolved in a bj^lli o^ fused 
oxide dissolved in a fluui’bC? 
he advantages thal- the anode, 
rated there insteac of oxygen, 
for the production of ('JSo — 
Its — is re([uire(.l. Illie method 
‘act ice. 



|i^ig. 53. — R#Hluction of aluminium by jdectrolyyiK — A, (^arbon^VTJTEi vessel; 
B, electrolyte ; C, carbon rods I J), coi)pt‘r pins ; K, 

(c) Direct Production of ilflminium Alloys.- - that 

BjAWiiVniii evolves heat in AW»'i!Rg alloys, the direev reduction 
® the metal as a constituent of jw alloy is more readh y effected 
that of aluminium alone, 'lie elec.tric furnace h: the chief 
Bfern: of such production : this insists ol a J^orizont??l firebrick 
lined With charcoal, dipj^ed| in lime Witer to Its 

at the higli /^nmgSture reached. Tht elcctrodea 
i^riaontally into the if^Bce attach end and are^ heavy 
rods, which can bW fed ’mjp +he furnace as th^ rffe con- 
cb^g<* consisting i^alumina, carbon, iffl* copper, 
b^weer the electrodea fused bv the heir, resnltincr 
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pom the electrical energy supplied, the conversion of whioJi into 
eat is due to the resistance of the charge. A furnace of induff- 
pial size will take about 125 horse-power and an alloy of copper 
nd aluminium, containing 15 to 35 per cent. Al. is obtained, 
’he following is a typical product : — 


Copper, 

Aluminium. 

Silicon, 

Iron, 


T’er 

71 -.> " 
20-1 
41 
4-2 


In more modern practi(*e the disposition of the fu^iace is 
vertical, the carbon lining serving as the lower ^ electrode, the 
arrangement being somewhat similar to that adopted in ®fche 
electrolytic process 

The same process can be adopted for preparing other aluminium 
alloys — e.f/., ferro-aluminium. * 

The impurities commonly met with in commercial jduminium 
are silicon, iron, and sodium. Silicon renders aluminiuni brittle, 
and also ihipairs its resistance to corrosion. In high-grade 
material its percentage should not exceed 0*3 per cent. Iron 
occurs to the extent of 0*2 to 0*3 per cent., and also impairs the 
ductility and non-corroding properties of aluminium. Sodium 
is more injurious than either of the above impurities, but is rarely 
found except in traces. ^ 

3. Properties and Uses of Aluminium.— Aluminium is a white 
metal of specific gravity ranging from 2*52 to 2*76, according to ^ 
its method of treatment and melting point 657° C. (= 1,215° F.)* ! 
Although having a- high heat of combination with oxygen, it is , 
not readilv corroded in air, in the massive state ; when finely 
divided, however, by amalgamation with mercury or alloying. 
with antimony, it oxidises readily. Its inertness when n^ssive 
is largely due to the protection afforded it by the first film of 
oxide resulting from its corrosion. When pure (free from silicon 
and iron) it can be used for cooking vessels and brought freely > 
into contact with food and drink without being attacked to an 
injurious extent. It is largely used for military fittings on account,-’ 

^'Of its lightness. For a similar reason (and for its silvery appear- ^ 

■ ance), it is used as an industrial metal for smallware and strucv 
tures’ where lightness and resistance to corrosion are required^ i 
alllcinds of small ar&^jles for daily use being made in large quan-.: 

k titles. Pure alumirfium has a tensile strength, when cast, of 
about 5‘^tons per square inch, and when wrought, of 12 t<^ 16 
P-27). 

^ Its alloys are more usefitt than the pur>i metal, o Two - 

■ classes may be distinguished :—( I) Those consisting,, oPW perr 
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more Al, the remainder being some foreign meLai added 
^ increase the strength of the material without greatly raising 
vita specific gravity. Thus, an alloy containing Al 91 Cu 0, has a 
^specific gravity jof 2*82 and a tensile strength of 21*7 tons ; one 
;with 2 to 3 per cent, of Ti has a tensile strength of 18 to 20 tons. 

■ Similar alloys have been prepared with tin, nickel, ziia», and 
silvdt respectively. Magnalkim is an alloy of aluminium and^ 
magnesium, containing from 2 to 10 per (‘onf. of the latter element. 
;.It is appreciably lighter than aluminium. It works well in the 
lathe, ^makes good castings, and docs not easily tarnish. It is. 
therefore, suitable for a variety of ])ur])oscs. (Vmipounds of 
aluminiirm and magnesium corresponding to the following for- 
; mul«e have be?n isolated by chemical moans : — AlMg, AlMg._,, 
Al.,Mg. Alloys of aluminium and zin(‘ arc now largely used in 
the.automobile industry. Those containing up to 15 per cent. 
Tin are soft enough to be rolled or drawn, while beyond this amount 
the allo\vS*are hard and more suitable for castings, a,s they are 
•easily worhed, Ziskon and Zisium are two of th(‘se alloys which 
have been introduced by Zeiss of Jena. The former a s|)ecilic 
^'gravity of 3*1, and is used where strength and lightness are 
required; the latter (sp. gr. 2*95) is used where ductility rather 
than strength is desirable. These aluminium-zinc alloys consist 
of single homogeneous solid solutions. AluTninium-co])])er alloys 
.conta^ing#3 to 5 per cent, of copper are som(d:imes ust‘d in the 
automol)iio industry. They give rise to a eutectic consisting of 
.aluminium and the compound AhCu. Pariinium is an alloy 
containing Al 88*5 per cent., Cu 7*1 per cent., Zn 1*7 p(T cent., 
Si ri per cent., and Fe 1*3 per cent. Alloys of aluminium and 
manganese containing 2 to 3 per cent, of manganese have also 
been used recently. Numerous other alloys have been introduced. 
tIeusaWs alloy contains aluminium, copper, and manganese, 
and is'distinctly magnetic. McAdamite contains aluminium, 
izinc, and copper, while Zimalium is aluminium containing small 
lijuantities of manganese and zinc. 

(2) The other class consists of aluminium bronzes and braases. 
They are of the same class as ordinary copper alloys, but im- 
woved by the addition of aluminium. Thus, aluminium bronze, 
vCu 90, Al 10 per cent., may have a tensile strength of 40 tons : 
aluminium brass, Cu 63, Ar3*3, Zn 33*3 p n’ has a strength, 
■when cast, ^ 20 tons. Such alloys are nqjf only stronger but 
iless egsily corroded than ordinary brasses or bronzes (see Copper 
xtUoys, p., 266). . . • . * 

r"!' Aluminium is also used^ in casting steel, its effect b#ing to 
jj?Cduce^the oxidesf pwsent and to dlecoftipose entangled CO ; the 
^uantity*used ia from 4 to 10 ozs. per ton, and may be applied 
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iiBer as the metal itself or as ferro-aluminium containing ij; toj 
b per cent. Al. Vast quantities of aluminiufti are now employed^; 
9 a reducing agent for this and similar purposes. It is especiallyv^ 
seful for reducing refractory oxides, such as that of chromiilni-* 
jee Goldschmidt process, p. 172). Its heat of reaction with iroiji 
xide ca utilised in the “ Thermite ” process (see p. 42). “ Nick^I^ 

'hermit'' and “Titanium Thermite" are new applicfitioift 
his principle, and are used for introducing these elements into-; 
aolten cast iron. A further application is in the new explosive- 
‘ ammonal,'' in which its great heat of oxidation is made pse of < 
o raise the gaseous products of the decomposition of ammonium-^ 
litrate to a very high temperature. Aluminium is now fhplacing;; 
nagne^ium in the manufacture of fireworks. It ‘i's also used for 
idding to zinc in zincing (p. 30) to hinder oxidation of the bath, 
ind in the Parkes process (see Lead, p. 281). ^ 

A great hindrance to the extended application of aluminium 
las hitherto been the difficulty of soldering it succes«ffiily, , but 
ffiis is now overcome partly by the use of solder' containing ; 
iluminiumt- and the abandonment of such fluxes as are used foj 
Drdinary soldering ; but more especially by the introduction; 
Df a process of autogenous welding. For this purpose portable. 
[}xy-acetylene blowpipe equipments are employed. The prin'' 
cipal difficulty to be encountered is the formation of a filpa ot 
oxide, which prevents the two surfaces uniting properly. ^ Thi^; 
may be removed either by the application of pressures by thb 
use of special fluxes which dissolve the oxide. The refracto^ 
character of the oxide, the ease with which the metal is attacked 
by both acid and alkaline fluxes, and the high specific heat (0*25), 
no doubt account for this difficulty of soldering. ^ ^ 

Aluminium is , a good conductor of both heat and electricityi 
its electrical conductivity being about 60 per cent, of that 61 
electrolytic copper. As a material for electrical conftuctor^; 
therefore, it has a large field of usefulness, the difficulties at 
first met with in regard to jointing, etc., having now been over- 
come. There is an actual saving in weight for equal conductivity 
if aluminium is used instead of cbpper. 

Other important applications of aluminium include its use aj 
a substitute for stone in lithographic work, and for the manh' 
facture of metallic paints. The French Government propos^ 
to replace the 5 %pd 10 centime copper pieces by aluminiupi 

coins. “ o ^ 

II. uMAGNESIUM.— 1. Sources of Magnesium.— Magneexuii 

is widely distributed in the form of .earthy rocks, such as 
nesite, MgCOg, dolofnite, . CaC 03 ,v aad silicate8r>-e,ijr, 

asbestos and serpentine. But none of these is directlyoa,vaiIabI 
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'^inning the metal, 
as kieserite, MgSO. 


Large deposits of 
H., 0 , carnallite, Mg< 


gc£ 


as kieserite, MgSU. . ±1.>U, carnallUe, MgL^, . KCl . 

Py!? kainite, K.JSO4 . MgSO, . MgCl, . 6H0O, occi'i in StasyiTITw 
can be worked up to yield a pure magnesii»iM salt 
liiL the obtainment of the metal. 

^ 2 . Winning of Magnesium. — Sodium is used as a 
agSnt ft) obtain magnesium from its chloride, in a manner ^u**'*!^ 
that of the old Deville process for making aliini»nu)Mi (p. 36 C?S 
The fact that magnesium chloride is more stable al 
chlotfide, enables the former to be obtained anliydrous, mixed* 
with gotassiurn chloride, by heating earnallito. When 
double chloride of magnesium and ammonium is subsffOT?®.! 
iof carnallite, MgCL itself can be obtiiined iTO^ydriSiis, 
Ammonium chloride being volatilised. Ten par!ii; of the 
cvnallite are mixed with one of sodium and onit of powu®^ 
Huor spar : the mixture is thrown into a red-li 3 I. c.rucible si*!*] 


covered Until the main reaction is complete, wjva magnesitrji? 
amounting to about threc-(juarters of the thccJTSioil yield is 
obtained as a button. The crude metal, whicli (ISV^tains siliconi 
ftiay be purilied by distillation, its volatility similar 

that of zinc (B.P. about I.IOC)^ C. = 2,012'^ F.). 

Magnesium is now mainly manufsictured by the electrol3»i8 
of fused cJirnallite, the operation being carried out in an iron 
crumble, Avhich serves as the cathode, a carbon iBfi (Constituting 
the anode. The carnallite is k(?pt fused by externally 

Applied. An indifferent or reducing atmospheia^ is maintained 
in the cru(jible to prevent oxidation of the maLo igmuii. and the 
anode is surrounded by a firc(day tube through wlnr:h the chlorine 
produced by the el(K*trolysis is drawn off. 

In the method employed by the V irginia ElectrBTLic Company 
at HdcorVib's Rock, V'a., a mixture of magnesiu o fluoride with 
the emoride of calcium or some other alkaline eaJWi metal more 
electro-positive than magnesium is heated in orew to render 
anhydrous, a small percentage of an alkali fiuorilJrv being 
AS a flux. After the magntigium has been sepTVited electro- 
lytically hydrated magnesium chloride is added, and the w 
^rjected to a further dehydration, the rcsultjij£ mixture ^ 
fejTyi^cTnji’i fluoride and calcium chloride being utiWBi. in a 

Haag has designed a cell diyid^ intw three sections.^ 
1^8 the up{)er one carnallite is fused by riffstan««v heating. • 
^central chamber electrmysis takes pltite, clovine passing 
l^j^hipugh the hollow, perforated carbon anoctij;, Thethim' 
receives the Aoltcn magnesium and 
whicH ifte separated an ingenious c(s-\ice. 
l^ept molten by internal heating ; lirraid seals 
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fiiiiployed to prevent leakage, and radiation is prevented ^ fer 
ae possible by enclosing the cell in an outer chamber. 

; 3. Properties and Uses of Magnesium.— Magnesium is a white 
metal of specific gravity 1*74 and melting point 750° C. = l,382®i^ 
P. ; it is easily corroded in a moist atmosphere, becoming covered 
with a®white coating of hydrated oxide. It is malleable, and 
^hen hotr—e.g., at 450° C. = 842° F.— can be drawn in^o vfire 
hnd flattened into ribbon. It is largely used in pyrotechny, 
both as ribbon and powder, and for producing a flash light for 
signalling and for photographic purposes. Thus its chief Y^lue 
arises from the ease with which it burns in air and the Ij^illiant 
actinic light which it emits. The product of its combustion in 
air contuins Mg 3 N 2 as well as MgO. It is slowly attacked 
water, especially when hot, and readily by dilute acids. 

The pure metal has a tensile strength of about 14*5 tons p^r 
square inch, and a compressive strength of about 17 tons. If? 
is employed in the laboratory as a reducing agejit, especially 
in place of zinc, as it is free from arsenic. 

MagnesiuiH- is employed to some extent as a deoxidiser in brass 
manufacture, an addition of 0*05 per cent, being usually suffi- 
cient for this purpose. It possesses an advantage over phosphorus 
imthat an excess may be used without harm. It is also added 
to nickel to cause it to cast well. For use as a deoxidiser and 
in pyrotechny, however, magnesium is now being displaced by 
aluminium. Almost the only other use of magnesium ^s in the 
manufacture of magnalium alloys (see under Alumimum, p. 353); 

III. CALCIUM.— Sources of Calcium.— This element is very 
widely distributed in nature, especially as the carbonate which 
exists in various forms — e.g.y calc-spar, chalk, marble, limestone, 
coral, etc. — numerous complex carbonates also occur — e.g.^ 
dolomite, CaCOg . MgCOg. Large quantities of the sulphate are 
.also found as anhydrite, CaSO^, and gypsum, CaSO^ ."^21120. 
Other complex minerals contain calcium as silicate, phosphate, 
and borate. 

Winning of Calcium. — Within the last few years metallic 
^calcium has become a commerciaf product, and it is now manu^ 
^lactured in France, Germany, and America by the electrolysis 
;; of its fused salts. ^ 

? The method employed by the Virginia Electrolytic Company 
Ims^y be described a)^a typical process for the electrolytic pxb; 
duction of metals which are lighter than their molten electrolyteai 
and wh6se melting point? are either higher or not much low^ 
/than the'melting points of their electrolytes. 

The cell is formed by a Ves^l, A, of cast and of ci^pulai 
;form. The cathode B projects centrally through tj^e 
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yimi^ a grapnite qng, C, forms the anode, the electrodes bei&ig 
insulated from the iron vessel by the insulating compound o; 
The bottom of the vessel is protected by a chilled layer of this 
electrolyte produced by the water jacket J). The calcium set 
free collects within the water-coojed ring E, and is thus isolated 
from the gases which separate at the anode. The block oT metal, 
^,^vhich forms inside the ring is slowly raised out of the electrolyse 


I ' I 



Fig. 54. — Electrolytic calcium cell. 

‘ »• •• 

hy the tdfigs, F. The bath^ charged with fresh neutral calcium 
chloride, and maintained at a temperature M 675° C. 

Properties and Uses of Calciumr— The metal is* sold ii 
the fo&i of stidks conteuiijjg 96 to 98 per* cent, o; 

calcium. It oficuses slowly in flry air, but more quickly in ai 
saturated rjwith moisture. It is ver]^ light (sp. gr. J.’72), fairl] 
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^^p9Rll6able, has a high specific heat, and i» aj-jgoou conauci^r«Qj 
.^ikotricity. It is about as hard as aluminium, but at 400® <3 
^<pcotnes as soft as lead. It melts at about 800° C., and can b<i 
iiublimed in vacuo between 700° and 800°. Its most interesting 
jhi>mbinations are with hydrogen and nitrogen, forming the 
tjhydride, CaH^, and the nitride, Ca;jN 2 . The former reacts with 
f^ater much like calcium carlDide, and yields pure hySrogln; 
^vJnder the name of Hydrolithe it is already employed to some 
‘j^tent for inflating balloons. The avidity of calcium for nitrogen 
will probably be made use of by metallurgists for eliminating 
this gas from iron, etc. As might be expected, calcium Js also 
a powerful reducing agent, and these properties give it a promising 
field of Usefulness in the refining of metals. ’ ® 

IV. MANGANESE. — 1. Ores of Manganese. — Manganese is 
found chiefly as the dioxide Mn 02 , both anhydrous as pyrolustte 
and 'polianite, and hydrated as wad and psilomelane ; this las^ 
mineral also contains barium. Another oxide, Mn^Ogj^'is^ound 
anhydrous, together with some silica, as braunite^ and in the 
hydrated form as manganite, Hausmannite (Mn.jOJ contain^ 
still less oxygen. The carbonate {rhodochrosite), silicate [rhod^ 
imite), and sulphide are also found. The following countries 
are the most important producers of manganese ore : — Russia,' 
India, Brazil, Germany, and the United States. ^ 

r 2. Winning of Manganese. — Manganese can be reduced from 
)its oxide by carbon at a high temperature the me^l thus 
obtained contains carbon. Moissan prepared manganese in this 
way in the electric furnace, and showed that by using excess of 
oxide the reduced metal may be obtained free from carbon anfi: 
silicon. The method was put into commercial use, but the* 
efficiency of the process 'w^as not such as to yield the metal at', 
^ low cost, partly because of the high volatility of manganese. ’ 
It is more readily prepared, however, by reducing MnCl, by 
jodium or .magnesium. In the latter case the dried powdered 
jhloride, mixed with twice its weight of KCl, is fused and; 
[nagnesium introduced in successive portions until {,in amount of. 
ffiis metal, equal to one-sixth of the weight of the manganese 
jhloride, has been used. 

■A considerable ' amount of manganese is now made by the -, 
jfol^chmidt aluminium reduction process (p. 172). The product 
nay attain a high degree of purity, ^ containing as much as ,98 tO; ' 
|9 per cent, manganese. Lebau has shown, however, thatJthV;" 
netal so produced may contain as much as 5 per cent, of silicon, f, 
\ Manganese is not produced on a large scale save 'spieg^l: 
Men and ferro-manganese, wliich are obtained bf* reducing Jrpp t 
ires rich in manganese in a blast furnace; both ar,e 
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Jtgol^niaking (</.r.). SilicO'ffpiegel is an alloy of iron and niatf^ 
{anese in which these metals occur as silicides, and is also used) 
ih steel manufacture (see p. 191). Various other methods have^j 
seen suggested for making ferro-manganese alloys. Of thes^" 
the Sitnon process is noteworthy^ and was successfully applied 
tor some time in France. It consisted in the electroiyjis of a' 
tnfss flf fused calcium fluoride, in which oxide of maiiganejp^ 
lad been previously dissolved. In this r(\s})ect it bears a re-i 
lemblancc to the aluminium extraction processes of llerouli 
ind^Hall. Greene and Wahl liavc suggested the reduction of 
^yrolusite by means of ferro-silicon in a basic-lined furnace. 
By this process an alloy containing 7() per cent, of iron, 29 per 
jent. of manganese, and as little as ()‘7 per cent, of ca.rbon was* 
obtained. The method, however, lias not been adopted on t\ 
?(jmmercial scale.* Various attempts have been made to prepare 
jarbon-free ferro-manganese on a large scale, more particularly; 
n the electric furnace. The problem ap])ears to be a very 
lilFiciilt one, however, on account of the volatility of manganese 
ind its tendency to form a very stable c arbide, Mniffi^. Tlio blast 
:urnace, which lias been so cfTectively .ittacked by the electric 
iurnace as far as other ferro-alloys are coiuierned, still reigns 
iupreme in the field of ferro-manganese, on account of the ipfire 
jconomio production possible. The problem appears to be most 
ikely tojtie solved by ine^ins of some of the newer forms of electric 
iirnace described in tlie section on the Plloctro-metallurgy of 
[ron and Steel (p. 237). 

An “ Electro-si lico-spkgel ” is made in the Keller electric 
[urnace by heating a mixture of ferro-silicon, flint, carbon, and 
nanganese ore to a moderate temperature, care being taken to, 
ivoid volatilisation of manganese. The product contains 22 to 
M: per cent, silicon, 38 to 40 per cent, manganese, and is thus 
loubTb the strength of ordinary silico-spiegel. It is finding 
jxtensive use in steel works. 

Manganese-copper can be produced by heating together 
lopper, oxide of manganese, ^and carbon, and is used in coppet 
refining to reduce over-oxidised copjicr in a manner analogous' 
«'ith the use of ferro manganese in steel making. V; 

3. Properties and Uses of Manganese.— It is a greyish-white, 
netid of specific; gravity 8*0, readily oxidised by moist air. It? 
hises at 4,245^ C. It decomposes watc^^^t the boiling peint.' 
[ri addition to its use in st?el making, manganese is used in tUo 
hanufacture of bronze (see j-. 266). ^Permanganates fkid use aslj 
iisinfeli,tants, mangaues# borate as a drier in paints and warn ishe^. 
in<i^ other conlpofinds are used®m fhe ceramic arts. Alloys qf 

‘ • Pferro-silir')n can also be used for reducing NiO, Cr^O^, and WO3. 
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iifianganese with aluminium, antimony, tin^ bismuth, ai^e^ic,,- 
And boron are receiving much attention, owmg to their remarkr ) 
able magnetic properties (see Heiissler's alloy, p. 353). ;■ 

- V. CHROMIUM. — The only chromium ore of commercial^ 
Importance is chromite or chrome-iroxi ore, FeO . CroOy : it ^ 
Alwayiri contains alumina and" magnesia. It is found in Cali- 
jfornia, Canada, Rhodesia, and Asiatic Turkey. The ifletaP ifii' 
prepared in the electric furnace by Moissan's metliod, first as 
the carbide and then as the pure metal. The production nf ■ 
“cast chromium,"' corresponding with cast iron, contaijiiiig, 
about 10 per cent, of carbon, can be effected by heating a mixture 
of Cr.20;3 and carbon in the electric furnace. The metal is refined.; 
by fusing it with lime in a furnace lined with calcium chromite.; 
In this way practically pure chromium is obbxmed. An ali^- 
native method of preparing chromium is by reduction wj^h 
aluminium. Chromic oxide is mixed with aluminium powder* 
and is lirc'd by a fuse of mixed aluminium powder and barium 
peroxide, in which a strip of magnesium is embedded. 'The heat 
of the roa(?tifn is sufficient to fuse the resulting chromium into 
an ingot. 4; 

Properties and Uses of Chromium. — The metal has a brilliant,^ 
grpy colour, and, though hard, can be polished without difficulty. ^ 
It has a specific gravity of 6*92, and its melting point is higher 
than that of platinum. It is non-magnctic, keeps itS(^olisn in 
aic, and is not readily attacked by acids. Chromium* and itd 
compounds are used metallurgically in the manufacture of alloys 
and of furnace linings, and chemically as a constituent in colouring ' 
materials, mordants, oxidising agents, and tannages. Ferro- 
chrome is the form in which chromium is introduced into steel; 
(see under Iron and Steel), It is made both in , the blast furnace 
and in the electric furnace. Blast-furnace ah'oys contain jl2 to. 
.40 per cent. Cr, 1*5 to 2*5 per cent. Mn, and 5 to 7 per c^t. 0. ; 
Electric-furnace alloys contain about 6*5 per cent. Cr and 5 to 
■10 per cent. C. Refined alloys low in carbon are also made in ; 
special furnaces (see under Ferro-alloys, p. 237). Chromite 
brick for furnace linings is generally made of crude chromite and ' 
tfftr, but sometimes of a mixture of chromite with kaolin, bauxite, 
lime, or some other material. For chrome pigments and mor- 
dants, see Vol. 11. , . 

; VI. MOLYBDENl/JJ.—Two minerals are used coiamercialfy; 
As the source of the metal — viz., molybdenite, the sulphide 
and wulfmite, which is essentially lead molybdate, PbMoO^. 
>Thft metal can be prepared in a manner similar to that T^sed to- 
chromium. It may be obtained free from carbon by heatL^g 
fixture of the dioxide MoOo with defect of carbon in tjie fileotriOi - 
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It is white, has a specific gravity of 9*0, is as malleablfi 
iron, and can be*filed and forged. It is only slightly oxidised 
|n air. When heated with carbon it absorbs a small percentage of 
tkat substance, and can then be hardened by quenching in the 
manner characteristic of steel. It is used to a small extent in 
making special steels. Ferro-molybdemim is made in tha same 
way as®ferro-tuugsten, wlii(*h it resembles, and contains 50 
86 per cent, of molybdenum and 0*1 to '2 or more per cent, m 
carbon. A large amount of ammonium molybdate is used in 
the kiboratory in the estimation of phosphorus ; it is also used 
as a fir^rooling material, and as a germi(.*ide. Sodium molybdate 
is useci to give a blue colour in making pottery, and in dyeing 
silk, wool, anS lent her. 

. VII. TUNGSTEN.— Ores of Tungsten.— The tungsten minerals 
us^d as ores are hubticrilc, a tungstate of manganese ; 
ft tungstate of iron and manganese : ja'hvrit.e, a tungstate of iron ; 
and s'chtccliic, a tungstate of cal(‘iurn. Tli(‘ first three minerals 
grade, in A) each other, a.nd arc sonu^tinu's classed together as 
wolframite. 'rh(‘y are usuaJly found in uvanitc countries, and 
are sometimes mixed with tinstone (s(‘e under Tin), Tungsten 
pre^ occur in (brnwall,' Queensland, tk(‘ Malay States, Rhodesia, 
Spain, Portugal, and the United States. ^ 

. Winning of Tungsten. — The method of extracting tungsten 
from its^res is both lengthy and complicated. Sodium tung- 
state is first formed by heating the finely-ground ore with sodium 
(jKjrbonate in a reverberatory furnace. The molt is extracted 
with boiling water, and filtered from the insoluble residue con- 
taining FeO, MnO, BnO ., etc. If the furnacing has been carried 
out correctly no tin goes into solution. Yellow tungstic acid is 
then precipitated from the solution by means of liydrochloric 
acid, ^Itered, ana dried. The tungstic acid (WO.,) is finally 
ceducM by heating with carbon in crucibles in the electric furnace, 
Wlien the carbon is used in defect, and the mass is not com- 
pletely fused, the pure metal results. If excess of carTion be 
amployed this is absorbed bv the metal probably as a definite 
jarbide WoC. As in the case of chromium, there is a rival method 
Ept the manufacture of tungsten — viz., the reduction of tungsti^i 
icid by aluminium (Goldschmidt 'process). 

Properties and Uses of Tungsten. — Th,e physical properties of 
tungsten depend on the manner of its pr^aration. It is diffi-: 
JitlUy fusible, its melting point having been recently given aS 
to 3,000" C. = 6,072" to F. When free front 

laibouXt can be drilledland filed easily, and is not magnetiQ'.- 
‘tungsten,® nfelted in the tlect^ic furnace, has a specifiai 
of^l8*V. ' The metal is attacked by fluorine at ordinary 
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^i^eratiires, and by the other halogens at higher temper^tty^iJ:; 
c^t bright redness it burns in air and decomposes water vapoiiir^l 
[The metal is attacked slowly by strong mineral acids, and rapidly^! 
'by fused oxidising agents. The most important use of tungsteii*3 
via; in the manufacture of tool steel (see p. 222). For this purpoi^ 
'it is employed either as a powder or as ferro-tungsten. The 
[alloy is usually made by melting together Swedish iron, 

■knd tungsten powder in the electric furnace. Three grades are;v 
^Manufactured commercially, containing about (1) 65 per cent: ^ 
'tungsten and 1*5 per cent, carbon, (2) 80 per cent. tuT\gstenC- 
and 1*5 per cent, carbon, (3) nearly 90 per cent, tungsten and 
about 0* t per cent, carbon. Smaller quantities of silicofl, hiah-^^ 
■ ganese, . phosphorus, and sulphur are also prese^it. The iaghi' 
'melting point of tungsten makes it available for use as a filamehfe>i 
.in incandescent electric lamps. The so-called Osram lamp h^ ttV 
! filament of practically pure tungsten. For this purpose th«:'; 
powdered metal is made into a paste with an organic birndingf! 
agent, such as gum arabic, and squirted into threalis. ^Fhese are.* 
then subjeefied to various processes, by means of which all 
J carbon is said to be removed, leaving the metal practically pure. . 
Tungsten is used in the manufacture of small crucibles for use in ■; 
’the electric furnace, the method of manufacture being similar-" 
to that employed for filaments. Large quantities of sodiuEfi^l 
'tungstate are also used as a fireproofing material. ^ , 4 

VIII. VANADIUM. — Ores of Vanadium. — The most miportant 
source of vanadium appears to be the mines in Peru, where a;’: 
vanadium-bearing asphaltite (“ patronite ”) occurs, containih^^ 
about 40 per cent, of vanadium sulphide. Important van^»diuni>i 
; deposits are also found in Colorado, where it occurs as roscoelttSifl 
Ja green vanadium mica, and carnotite, K.X^, 2Uo0g, VgO^jC 
SH^O. Lead vanadate also occurs naturally associated wit]^J 
fM;her minerals in Central America, Spain, and Cheshire. ,, 
Winning of Vanadium. — ^The roscoelite ores of Colorado aril| 
%brked up as follows : — The finely -crushed ore is roasted witli^j 
^Salt and leached with water, whereby a solution containin^’^ 
►podium vanadate, and possibly ^ some vanadium chloride, . ^ 
l^btained. This is then treated with ferrous sulphate, and thd| 
^'precipitated ferric vanadate is filtered, dried, and sold as a dar^i 
(olive-green powder containing 31 per cent, of vanadium. ThO; 
tfiaynes jyrocess for "’treating carnotite ore consists ift agitetiliig;^ 
Ithe crushed ore in a revolving barrel with a boiling solution gf 
Indium vcarbonate. Sodium uranate is precipitated from 
Ifiltered s^alution by means of caustic sodi, and forms thejdlirapiij^^ 
Iproduct. From the filtrate calxium vanadate^u^iprecipitat^Vyj 
^vVineans of slaked lime, and this forms the vanadium product. 








IjguoTS contain caustic* soda, and are recai'iTsnHSSJjr^^ 
gases, 'tlie vanadium products thus obtained 
for conversion into ferro- vanadium. 

of Vanadium. — The' metal itself lias little comiiiva'OM^ 
^tey 4 f:.ViTtri. It has been prepared by reducing vanadic acid | 
aluminium in magnesia-lined Crucibles, and by other n^eanB. ^* 
1^1^ a hard, steel-f^'ey, brittle metal. Its most important J 
as ferro-vanadium in the manufacture of vanadium steel. 

is made by reducing vanadic acid in presence of iron and^ 
in an electric furnace (see under Steel, \i. 237). ^ 

BfUTM compounds are used as mordants in printing and dyeing, j 
iijiX- anffydrid^ V.,0-, also greatly aitcelerates certain oxidation 
^iT suen as the action of nitric* acid on sugar, and the -' 
of alcohol. It has also been used in phu'o of ])latinunx 
h . ^ catalyst in the contact process of making sulphuric acid. 

S'- IX. TANTALUM.—Ores of Tantalum.— The most comi 
:•)«; df ' tantalum are tantdUte and columhite. These mhm':! 
JOTkh e'sentially of tantalates and columbates (niobates) of* 
Vioi and manganese, and occur principally in Austr^^ha and the 
United States. Fergusonite and samarskitc are also fairly ^ 
Fk^iimon, and contain columbates and tantalates of iron, calcium, i 
yttrium, and cerium. Samarskite also contains uranium oxide. ^ ^ 
BTf TiniJjII of Tantalum. — Berzelius obtained the metal by “ 
the ore into alkaline fluotantalates and reducing with 3 
or sodium. Modern commercial processes for pre- ■ 
the metal are proprietary, and the published accounts of 
are obscure. Bolton purifies the crude metal by heating in 
mouo in an ele(.‘tric, furnace. The British Thomsoii-Houston 
Company eie..t-olyses a fu.sed salt of the metal between an anode . 
of impure tantah' ni and a cathode of the pure metal. Another 
process diK to von Piriani takes advantage of the fact ^ 
tShtalum has a great aHinity for hydrogen. A mixture of^ 
chloride vapour and hydrogen is heated, yielding a 
brittle metallic mass containing a large amount of oc?luded ' 
This is then strongh*^ heated in vaeuo in such a manner j 
Ufa to allow the liberated hydrogen to be constantly withdrawn. 
feor further details, the reader is referred to the Mineral Industry i 
D. 802 ; and X\\q Journ. Chew, Soc., 1905, A. ii., 259. ^ 

and Uses of Tantalum.— The pure metal has ^ 
> grapvity of 10*5. and melts at about ^,^00" C. = 3,992 •F.-^ 
^ heated by an electric Airrent contracts by 7*8 per cent, of^ 
in twelve hours, a.id becomes corresjunidinj^y moiO® 
i^he metal has the unusual characteristic of tecoimng^ 
inder h4n«eriiig. Carbon tip to 1 per cent. 

V;. without increasing its ductility ; above that amount 

aw • _ ~~f 






makes the metal brittle. In chemical ^properties ta^talr^ 
resembles gold and platinum. It is not affected, however, 
aqua regia, but is attacked by fused alkalies and by hydrofluQttO 
acid. The metal forms no alloys of commercial importance, 
it is now being largely used in making filaments for incan;!' 
descent electric lamps. This is the only practical use to whic£ 
tantalum has, so far, been put. ® \ 

X. SODIUM. — Sodium compounds are so abundant as td 
need little mention. The most important found naturally 
common salt, NaCl, Chili saltpetre, NaNO^, cryolite, SNaFo Al^^J 
the carbonate, NaXO.^, and sulphate, Na. 2 S 04 
Formerly, sodium was obtained by reducing the carbonate witK 
carbon — • ; 

Na,C 03 + C, --- Na, 4- 3CO. ‘ J , 

The reaction is endothermic, according to data determined 
the ordinary temperature, 186 Cal. being absorbed ; th^ vola- 
tility of soclium no doubt assists the occurrence of tne reaction^ 
the product, Na, being spontaneously removed from ^he sphere 
of action distillation. The operation was effected by heating 
a mixture of 30 parts of sodium carbonate, 13 of charcoal, and 
5 of calcium carbonate in a horizontal iron tube connected with 
an iron condenser opening into a receiver containing mineral 
oil ; a temperature of about 1,500° C. = 2,732° F. was requisite 
for the distillation. The calcium carbonate was ad(^d to pre- 
vent the sodium carbonate from flowing away from the charcoal 
when fused. ^ 

More recently sodium was made by Castner’s process,’ wh<^ 
consists in heating caustic soda with one-fifth its, vrdj^t . of 
“ carbide of iron,'' a substance made by heatin^rlron oxide witli 
tar ; the function of the iron in this mixture to keep the carboy 
immersed in the fused caustic soda. The reduction of the^odiumi 
is said to take place according to the equation — V 

4NaOH + Co = Na^COg + Na, -f 2 H 3 +00. 

This reaction is endothermic, reqi|,iring the absorption of 106 CdL^ 
considerably less than in the case of the older process. Th# 
operation was carried out in steel crucibles set in a furnace heat^dj 
by producer gas, a temperature of about 800° C. = l,472r:'|| 
being requisite. The qyucibles were covered with domes 
ai> exit pipe, throu^ which the spdium distilled inti^ a recaiyi^' 
containing mineral oil, A yield of about 90 per cent, was obtaiu^^ 
The sodium carbonate obtained as a bye-product was leach^ 
of the spent contents of the crucible, cfe^usticised, and urfbd. agaliil 
Electrolytic Process. — ^All purely chemicai' ihethods fco^ 
manufacture of sodium are obsolete, the metal beii^g ^du(^ 
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|i^cl]^8wely by electrolysis. The process mostly used is one 
^^eivisea by Castner,*the inventor of tfie chemical method de- 
;Mribed above. The apparatus used is shown diagrammatically 
:i]bi the figure. A is a cylindrical steel crucible with an opening 
■"at the bottom, through which the iron cathode B ])asses. The 
.‘hrucible is set in a flue, so that tlie body of it is heated whiie the 
nechP C femains cool. The caustic socla whicli fills the crucible 
fCpnaequently solidifies in the neck C, and ])rotects the joint made 
/heiween the cathode and tlie crucible. The anod(^ 1), which may 
fee cylinder with vertical slits to all(»w fre(^ flow of tlie electrolyte, 
^Burrounds the upper part of the cathode. 'Fliis upper part is 
(Vncircleff by a cylinder of wire gauze E dc[)on(.ling from the 
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rnTW.tini? not F. As electrolysis pi'nrecds, fused sodium "floats 

H thode and collects on the cairfaco of tlie fused caustic 
> pot F. Hydrogen is liberated at the cathode 
at the anode, both gases Sicaping through the looselyii 
The sodium is hindc^i^^d from straying into the 
)artment by the wire through which it cannot 

ri\i account of its high an^C^ee te^on. The tempera* 
electrolyte is not dfilowed To rise above 330^ C., or 20^ 
melting point of caustic 3odg. Castner states that 
melting point caustic soda dissolves both sodium and 
I tha^tkis dissolution rSCTTfes rapidly greater w ith rise 
until a point is at w^hich substantially 
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permanent separation of the products of electrolysis b 
secured. If the temperature is too low the hydrate is not sufE 
ciently fused, and ceases to act as an electrolyte. The extrem 
fluidity of caustic soda, and the ease with wliich it wets all sui 
faces allow that l)ody, on the other hand, to pass freely throUg 
the jeanzo. 1’h(‘ molten sodium is removed by means of a larg 
perforated spoon, east into brick form, trimmed to'* reiflov 
adherent oxide, a, ml immersed in parallin oil. 

In some wo]*ks electrodes of co])p(T and nickel arc employee 
VarioUvS modifications of tli(‘ a.bov(‘ ])roce.ss are also in use. ^ 
cell devised by liathermn and Siilrr is used at l^itterfeld (German}' 
in which the cathodes are only allowed to toucli the surface c 
.the ele. trolyte and the <xauze diaphra<rm is dispensed with. 'Th 
metallic sodium jzathers in globules at the ])oint where the catl 
odes touch the eh'ctrolyte, and is collected in a perforated 4d] 
at v('ry short int(‘rvals. 'I'lie Ucckrr used in Ifrand 

differs from the Castner in that the electrolyte co'usivSts of 
mixture of .sodium carbonate and hydroxide. '* 

A process has hc'en devised by Darling in which sodium nitrat 
is fused by external heat and electrolysed between iron electrode! 
To separate the sodium from the oxides of nitrogen evolved a 
the anode !i. partition was em])l()yed consisting of magiiesi 
packed between two perfonited steel (*ylinders. The latte.: ^ei 
protet'ted from corrosion by making them subsidiary, cathode! 

It was hoped to obtain nitric acid from the nitrous fumes, br 
the proce.ss has not proved to be a commercial success. A 
ingenious ])rocess for preparing sodium is due to Ashcroft, /T 
this the (‘lectrolyte is sodium chloride, which is kept fuji od b 
heat generiited internally : the separated sodir..ii"'is collecte 
in lead, which is transferred to a second ^^vunpartment, an 
there mJide the anode of a cell containing 'lused causti^ sodi 
In this the sodium is dissolved from the lead and prec7pitate 
on an iron cathode. The caustic soda imdcrgoes no permaner 
change, serving merely as a means to transfer the metal froi 
its solution in lead to^ the final cathode. The Virginia Electre 
lytic Company are also reported to be using a process base 
ton the elec.troiysis of fused sodium chloride, chlorine and sodiui 
being obtained directly. 

Sodium is a white metal with a pink tinge, of specific gravit 
0*97; melting poinU..95° C. = 203“ F. ; and boiling p^int742° ( 

= 1,368“ F. It oxidises on exposure to air, and decomposes 
water; "it is kept under. mineral oil (ordinary kerosene). It is 
used fc;/ reducing other metals — magnesium — fc^ making 
sodium amalgam (see Gold exvraction, p. 339), and for necking 
sodium peroxide. This is effected by placing the^ so^um' . OJL, 
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.ttlupiijium trays which are made to traverse a flue througb 
•which a current of* dried and purified air is travelling in the 
■ opposite direction. The metal is thus systematically oxidised to 
. Na/).j. The hitl(‘r is used as a general oxidant, particularly for 
bleaching, in those cases in which ILO., was formerly emploved. 

Other important uses of sodiufti are in the maniifa(‘t»re of 
■artMicia^ indigo, and of a number of other .svnthetic dvestuffs 
and of drugs like antipyrin. 'Fhe mai(»r j)art of tlu' sodium made 
in England, however, is s('nt to (Ilasgow. wlu're it. is converted 
into podium cyanidi' bv the (assel (\'anid<‘ (’om|)Mnv. This is 
also the chief consumption of the sodium in the Tnifed States. 

; Bece.nt^^ sodium has been used for drying l ransfornun* oils, and 
thiis improviifb tlieir insulating qualities. • 

Potassium may be made by methods similar to thos(‘ (‘inployed 
’ fo^ producing sodium. As in the case of sodium, lh(‘ reduction 
•f the carbonate by carbon is endothermic, an absorption of 
194 C5A. taking place. The preparation of the nuHal is somewliat 
•dangeroiiis, from the formation of a blaek ex])losiv(‘ conqxmnd of 
potassium and carbon monoxide, K,;(CO),;. ihilassiiim is a white 
metal of a specific gravity 0-87 ; melting ])oini (>2'' (•. = 111° E. ; 
and boiling point 067° C. = 1,233° F. It forms an idloy with 
sodium which is liquid at the ordinary t(‘mp(‘ralure, jind l^as 
been used for the construction of high-rantre Ih (nanometers, 
indicating temperatures up to 6()0° C. = l.J 12' F. 
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ment of, 331. 

Argentite, 324. 

I Armatim^s, Iron for, 125. 

Armour ])lates. Processes for, 214. 
Arsenical nickel oro.s, 'J’roafment of, 
314. 

Arsenide of platinum, 345. 

Artificial stone, Eflluroset'uee, on, 38. 
Asbestos, 354. 

Ashcroft’s sodium process, 300. 

,, zinc process, 202. 

Astatki, 71. 

,, Calorific value of, 71. 

Ataeamite, 231). 

Atomic volumes of impurities in iron, 
223. 

Augustin’s j)r()cess for silver, 330. 
Austenite, 220. 

Autogenous soldering, 40. 
Autolysator, 10 1. 

Automatic reveu-beratory furnaccff, 
242. 

Axle grease, 1 02. 

,, Water in, 102. 

Azurito, 230. 


B 

B.abbitt’.s metal, 27, 

Balbath silver refining proce.ss, 3.33, 
Ballast, 10. 

Barilla cop{K;r, 238. 

Barrel process for silver, 328, 

Bartlett zinc process, 20 J. 

Base bullion, 320. 

Basic Be.ssomer process, 204. 

,, lining, 204, 200. 

,, open-hearth proco.s.s, 200. 

„ pig. Analysis of, 205. 

„ refining of copper, 252. 

„ .steel, Vna^'sis of, 205. 

„ zinc carij^iiate, 280. 

Bath stone, 0. • 

Battery, Grove's gas, 124. 

Bauxite, ^48. 

Beanlmore's armodr-plate process, 

» 14 , * 

Bearings, Oils for, 150. 
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^‘‘Bears ” in blast furnaces, 188. 

Becker sodium process, 31)6. 

Belgian zinc retorts, 287. 

Bell metal, 2f)o. 

Benzene as fuel, 74. 

Bergsoo tin scrap process, 3Ul. 

Bertrand-'rhiel steel process, 209< 

Bcssoincr basic [>roc('.ss, 204. 

„ blow, Stages of, 202. 

„ cttnverler, 200. 

„ pig, 201. 

,, process. Modifications of, 

20,3. 

„ steel, Analysis of, 201. 

Be.ssem(Ti.sing copp(T, 248. 

nielv(d matte, 312. 

Bctt ’.s lead refining f)ro(?oss, 2S3. 

„ silver refining pr()(!es.s, 333. 
iiicarbonaf OS " in water, 132. 

Biehrornalt; cell, 1 10. 

Biolite, 4. 

Bismuth alloys, 300. 

,, Desilverising, 300. 

,, gfa^ice, 307. 

,, Impurities in, ,308. 

,, Li(.piation of, 307. 

,, Moiling point of, 300. 

,, Native, ,307. 

,, oeh^(^, ,307. 

,, ore.s. Concentration of, 307. 

,, ,, Roasting of, 307. 

,, ,, Simdling of, 308. 

,, K(dining, 308. 

,, Sources of, 307. 

,, Specific gravity of, 300. 

,, Uses of, ,300. 

,, Wet e.vtraction of, 308. 

,, Winning of, 307. 

Bismuthite, ,307. 

Black antimony, 307. 

,, band ore, 178. 

- charcoal, (50. 

,, copper, 248. 

,, earthy cobalt, 318. 

,, -jack, 285. 

,, litharge, 308. 

,, Platinum, 347. 

,, tin, 200. 

“ Blaoklicart ” malleable cast iron, 

^213. 

Blast, Dry, 184. ,! 

,, t',iirnaee, 180. 

,, ,, balance sheet, 187. 

,, ,, Boars in, 188. I 

,, ,, Burden of, 185. ^ I 

,, ,, coke, 187. 


Bla.st furnace, Cyanides from,, 188. 

„ Efficiency of^*l8&. 0 

„ ,, for antimony, 305 

„ „ for copper, 246. 

„ „ for h^ad, 275. 

„ „ (Uses of, 01, 182. " 

„ „ pnudiee, English ancl ' 

Americaji, If^ 

„ „ Reactions in, 187. 

„ „ slag, 185. 

„ „ Titanium compound 

in, 177, 188. 

Blende, 285. 

,, nickel, 311. 

Bli.'iter (topper, 247. 

„ steel, 212. '■* 

RbK>m cobalt, 3 1 8. 

Bloom ” of mineral oils, 1()2* 

Blown oils in lubricants, 160. .> 

Blue malachite, 230. 

,, metal, 245. 

„ [lowder, 206, 

,, water, 255. 

Bog iron ore, 175, 

Boiler compositions, 152. 

,, incrustations, 132, ct seq. 

,, J.ife of, 138. 

„ plates. Corrosion of, 137, 139, 
142. .. 

„ „ Proteetior,' of, 144, 

„ water, Oil and giwaso in, 141', 
150. 

„ „ Purification of, 145, 

Boiling ])()int of eudjtiium, 206. 

„ magnesium. jo5. 

„ „ m«>;.:..yr323. 

„ ,, .^|)oiassium, 307. 

„ sodium, 366. 

„ ,, sulphur, 11?. 

„ „ zinc, I J 2.'' 

Boilings, 108. 

Bolton's tantalum proee.ss, 363. 

Boric anhydride, Melting point of, 

112 . 

Boshes of l)last furnace, 181. 

Bottoms, Copper, 253. 

Boss silver proce.ss, 320. 

Bouchorie’s proct‘.s.s, 55. 

Bower-Barff proc<.‘Ss, 53. 

Boxes, Pointed, 338. 
i>rackish water, 135. 

Brard’s tc.st, 38. 

Bras.^ 24, 263. 

„ Aluminium, 260. .-j 

,, iStrenj^h'^bf, 25. 

Braunite, 358. 
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43. 

\‘f. „ Elect ri(jal, 42.* 

■ Brick, EffloiViscencu on, 38. 
= Bricks, 0. 

„ Acid, S. 

„ Basic, 1). 

„ Bauxite, 8. 


Blue, 7. 
Carbon, 1). 


„ Chromite', 8. 

„ Dinas, 8. 

„ ^ Cani.stcr, 8. 

„ (biult , 7. 

„ ^agne.sia, 0. 

„ Noutral^H. 

% Uefracdory, lb 
,, bitourbridj^e, 8. 

Brin’s oxyge'u })rocess, 1>7. 

Briquettes, 88. 
firitannia metal, 302. 

British Tho:asoii- Houston’s tantalum 
# process. 303. 

.Brittle silver ore, 324. 

Bromide of silver, 324. 

Bronze, aluminium, Analysis of, 206. 
coinage, Composition . of, 
204. 

„ Manganese, 200. 

,'j» Patina of, 48. 

„ Ph^)8phor, 265. 

.Bronzes, 2t'4. 

Brown charcoal, 09. 
o ^ coal, 00, 05. 

' , „ Calorific value of, 00. 

. Composition of, 05. 

\ „ t2^^bC/,:yl75. 

Browne and Neil's in scrap process, 
V 301. . ' ^ 

Browsei 272. 

’ :Bruokncl^ calciner, 242. 

Buddie, 338. 

- Bull metal, 2«;, 204. 

Bunsen coll, 119. 

Burden of bla.^t furnace, 185. 
Burnett's fluid, 55. 


:'CaI)M1U.m, 290. 

* ■ amalgam, 323. 

Boiling point of, 2^. 

„ Melting ^int of, 29o. 

silvL' olectToplating, 297, 


Cadmium, Specific gravity of, 296. 

Uses of, 290. 

, Calamine, 28(i. 

„ Electric, 280. 

i Calaveril(‘, 335. 

, Calcareous st(»m‘.s, 4. 

„ waters, 132. ^ 

j „ „ Analyso.s of, 134. 

Calcination of c()]ip('r or(‘, 240. 

,, of <»i'e.s 171. 

• Calcium, 3.")r». 

(‘arbonato, Solubility of, 
14.5. 

„ chloruh^ solution, Specific 

heal of, I0r>. 

„ hydride, 358. 

„ M(‘lling ]»oint of. 358. 

„ nitride, 358. 

,, Properties and uses of, 357. 

„ snlpliult' in water, 132. 

„ Winning of, 350. 

Californian mercury proee.ss, 320. 
Callender ami (Jriflilh'fj pyrometer, 
112. • 

Calorilic value of alcohol, 74. 

„ „ benzene, 74. 

„ „ blast - furnace gas, 

91. * 

„ „ carbon, 01. 

„ „ coal gas, 70. 

„ „ (*oals, 59. 

,, „ coke-ovc'H gas, 79. 

,, ,, hydrogen, 04. 

,, ,, .^iolld gas, 90. 

„ ,, natural gas, 95. 

,, ,, })arafiiii, 74. 

,, „ produei'r gas, 82. 

„ ,, Hemi-wal('r gas, 89. 

„ ,, water gas, 88. 

Calorimeter, 0»I. 

Calorimetric j»yn)meter, 115. 

Canned, 09. 

Carbide of iron, 218, 219. 

,, ,, i(!astricr'K), 304. 

Ciarbon, 122. 

„ bricks, 9. 

,, dioxide litjuid, 104. 

„ Porms of, in iron, 217. 

„ “ ban^ning," 217. 

„ Mel^'^g point of, 112. * 

„ monoicide pola.ssium com- 
pound, 307. • 

„ * O.xidation of, 80, !22- 

„ percentage Jii st(.‘el, 223. 

* „ * theory of constitution of 
steel, 219. 





Carbonate of lead, 207. 

„ of zinc, 280. 

Carbonic acid, “ Fre(‘,'’ 132. 

„ „ “ Hair-l)oiind,” 132. 

Carboniferous liniestoiK'. ii. 
Carborundum furnace, 102. 

Carljiirctt .)r, 73. % 

Carbiirite, 231. 

Carmallite, 3r)5. 

Cannieliael and JJrad ford's lead 
j)roces.s, 27-1. 

Cannot ite, 302. 

Carrara marble, 4. 

Darr<'‘'s r(;frij;(U'aling ina(.*liiiie, 100. 
Case-bardening of iron, 214. 
Casaitente, 297. 

Ca.st eru(;ible steel, 212. 

„ iron, Clr(‘y, lo, 189. 

,, ,, Mall(‘al)le, 10, 213. 

„ „ Mottled, l.“), 189. 

White, 189. 

,, nickel, Analyses of, 315. 

„ zinc, 290. 

CaBtingtf, Steel, 21. 

Cdslner’a “ carbide of iron,” 304. 

,, sodium proe(‘.s.ses, 304, 305. 
Castpr oil. Viscosity of, 155, 150. 
Catalan lorge, 192. 

Catalysis, I’latinum, 347. 

Cause of hardne.s.s in steel, 219. 

Cell, .Faun*, 123. 

„ JMante, 123. 

Cells, Cal van ie, 118. 

,, Primary, 122. 

„ S(‘condury, 122. 

„ Storage, 122. 

Cement, Aerial, 11. 

„ bri<iuettes, 13. 

,, carbon, 21 7. 

„ co])pcr, 255. 

„ Fineness of, 12. 

„ Hydraulic, 11. 

„ mortar, 10. 

„ Portland, 12. 

,, Puzzuolana, 12. 

r „ Koman, 12. 

„ Setting time of, 13, 

, silver, 331. 

„ Slag, 12. , 

Soundness of, ^ 

„ Specific graviU’ of, 13. 

„ f>tecl product ion, 211. 

„ Tensile strength of, 1*3. 

„ testing, 12. 

„ ,, machine, 14. 

Cementation process, 211. 


I Cementite, 218. 

I Cerussite, 2(f7. 

I Chalcopyrite, 239. 

Charcoal, Placlc, 0!h 
„ Prown, 09. 

Charred wood, 50. 

Chatelier test for cement, 15. 
Checked combusstion, 77. ^ o 
Chemical attack of structural 
materials, 4-J. 

„ lead, 282. 

„ reactions in clcctriif:; steel 

furnace, 23t). 

„ reduction of alMininium, 

349. 

„ „ of magiie.'sOum, 

355. 

Chille<l iron, i(>, 192. 

Chinese tin furjuice, 300. o 

Chloride of ulurninium, 350. ^ ^ 

„ „ and sodium, 

, 350. 

„ of silv('r, 324. 

„ of tin, 302. 

Chlorinating roasting, 328. 
Chlorination, 339. 

Chlorine gas buttery, 125. 

„ process for gold refining, 

339. ^ 

Chromates for protect boilers, 

144. 

Chromite 3()0. 

„ bricks, 8, 3b(b 
Chromium, 300. 

„ “ Cast,” 300. 

„ steel, 

Cinnabar, 318. 

„ Speeifie gravity of, 318. 

„ trca^menl for iwu-eiiry, 
318, 322. ® 

Clark's proce.ss, 147. 

Classilication of irons, 193. 

„ of ores, 107. 

Ctaudet process for silver, 33 1 . 

Clay 348. 

„ ironstone, 178. 

Close regulus, 253. 

„ test for oils, 158. 

Coal, Calorific value of, 01. 
Classification of, 59. 

^ creosote, 55. 

„ gas as a fuel, 70. 

,, p Calorific value of, 77. 

„ yl Explosif^i of, 78fT 

„ „ prodJfeta of combustion, 

77. o 
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Uo^, i;Tiipurities of, (>;{. 

'■ „ NitrogcJi in, r>3. • 

„ wasJiiiij?, 08. 

■ „ weathering, 03. 

CJoalite, 79. 

OoaU, Analy.ses t)f, oO, 01. 

„ Brown. 0"). 

>«• hrown, ‘m. 

„ .Specific gnivilv of, 00. 

„ Yield of coke from, 59. 

Coarse copper, 248. 

„ ^ metal, Calcination of, 243. 

„ „ Fusion for, 242. 

„ iplder, 43. 

Cobalt, 317. . 

•,, Black earthy, 318. 

,, bloom, 318. 

,, glance, 318. 

•„ Melting point of, 318. 

, pyrites, 318. 

Separation of, fnnn nickel, 
315. 

„ Specific gravity of, 318. 

,, speiss, 318. 

„ Tin white, 318. 

,, Uses of, 318. 

Cc.)hesion oils, 101. 

Coinage, Bronze, 204. 

Nickel. 317. 

<>»ke, 03. • 

,, Anaiysi.s of, 04. 

/• j „ , Ash of, <)4. 

'Via'’?'"’' 

'■■vy:';; Peat, 07. 

,l7h'j^i0c gravity of, 05. 

,, USCSOI, v.'^. 

, „ for blast fur. ace, 187. 

Cold air refrigerating machines, 104, 
• 105, 

„ blow, 87. 

„ -short iron, 217. 

„ test for oils, 150. 

Colloidal graphite, 164. 

Colorado roasters, 274. 

Colouring metals, 48. 

#Coliimbitc, 303. 

Combustion r<?corders, 101. 
Composition, Angus Smith’s, 53. 

„ tube, 285. 
Oompositiefbs, Anti-fouling, 54. 

^ „ Boiler, 152. * 

Compressive strength of magnesium, 
356. - 

.Conccntr^*#js, 339. 
Con«entration ..f bis&uth ores, 307. 

^ • ofV Id ore, 335. 


Concentration of iron ore^ 179. 

„ of ores by flotation, 
170. 

„ „ Electrostatic, 

109. 

„ ,, ^lagnctic, 168. 

. ,, ,, Meehanyal, 

108. 

., of tin ores, 298. 
Concrete, 10. 

,, Klilorescenee tm, 38. 

.. De.struelion of, 44. 
Condensation of nuTCurv, 320, 322, 
Conductivity of cop])er, 203. 
Constanlan. 113, 317. 

CoiLstit uli(»ii of sle(*l, 219. 

Converter, Ha.si(* lining for, 204. 

,, Bessenn'i', 299. 

,, for copper ores, 259. 
Cop[)er, 22. 

„ alloys, 22, 2»13. 

,, iimaigiirn, 32!k 

Barilla, 238. 

., jies.smjU'risirtiiS 218. 

I ,, B(‘>t S(‘Ieeted, 252. 

,, bisnmtb glan(M‘, 397. 

I Black, 248. 

I „ Blister. 247. 

i ., bottoms, 253. 

j „ „ Argt'ntiferous, 331, 

j ,, Cement, 255. 

,, ( 'oars(?, 2‘18. 

,, converter, 25tl, 

„ Corrosion of, 47. 

I ,, Diagram of Welsh, process, 

252. 

„ Dry, 251. 

„ „ procc.ss for, 239. 

„ Electrical conductivity of, 

203. 

,, F.lectrolvtic jmoecsscs for, 

257-201. • 

„ E.xtraction of, from pyrites, 

I 255. 

„ lire-bo.x analysis, 23. 

„ Inllucnce of impurities 

23, 202. 

,, (German smelting process, 

25*. 

,, glflifi<;e, 239. * 

„ kernel roasting for, 241. 

„ Manhes process, 

I . „ Mansfeki process, ^54. 

,, matte for silver extraction, ‘ 

!• • 327. 

I „ Melting ytoint of, 112, 262. 
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Dopper, Moss, 245. 

Native, 238. 
ores, 238. 

„ Calcination of, 240. 
oxychloride, 239. 

Oxygen in, 23, 202. 
poling, 251. f- 

pyrites, 239. 
refinery slag, 251. 
refining, 2.51. 

„ EUjctrolytic, 200. 

„ ,, Cow'per-Coles 

process, 24, 
2(>l. 

„ „ Elinorc process, 

24,201. 

„ „ Hayden pro- 

ce.ss, 200. 

roasting furnaces, 240, et seg. 
sand, 238. 

Scorification of, 251. 

Self- reduct ion of, 247. 
smol^e, 241. 

8pccifli) gravity of, 24, 262. 
steam pipi*.s, 22. 

Tensile strength of, 23. 
Tinned, 48. 
touch-pitch, 251. 
Toughening, 251. 

Uses of, 22, 2t)2. 

Welsh proce.s.s tor, 240, 253. 
Wet extraction of, 255. 
Corrosion by lubricant.s, 104. 

of alununiuin, 49. 
of boilers, 137, 139, 142. 
of copper, 47. 
of lead, 49. 
of metals, 45, 
of nickel, 49. 
of zinc, 48. 

Corundum, 348. 

Ooslctt^ process, 53. 

'Cote-Pierron zinc f)roce.‘i3, 295. 
Cottrell process for lead “ fume,” 
270. 

Ciwpcr-Coles co])per ])rocess, 24, 261. 
Cowper flues, 270. 

/ „ stove.s, 182. 

Cradle for gold waslring 33 J. 
Crebsote oil, Compositio* .if, 71. 

„ Wood, 5(). ‘ 

■ Creosoting;^ 55. 

^Critical temperature of iron, 215. 
Crocoite, i?67. 
r Crucible cast steel, 212. 

. „ steel, 212. 


Crude antimony, 303. p 

„ iron, Purification of, 194. 

„ load, Analysis of, 277. 
Cryolite, 348. 

Crystalline structure of steel, 223/ 
Cupcllation furnace, English, 327. 

„ „ German, 327- 

„ hearth, 320. o • 

„ of lead for silver, 320. 

Cupola, 10, 201. 

CupriferoiLs [)vrit(‘.s, 255. 

„ schists, 239, 251. 

Cuprite, 238. 

Cupro-magnesium, 20<). ci 
Cupro-silicon, 200. 

Current density for copper dep^i> 
tion, 200. 

Cyanide extract ion f»f gohJ, 340. 

„ ,, silver, 332 

„ from blast furnace, 18^ 
Cylinder oil, Viscosity of,ol57. 


D 


D.aonkii condenser, 289. 

Haniell'.s cell, J 18. 

Darby steel proee.ss, 2t)9. 

Darling's sodium prooe.'^s, 30t}. 

Decay of timber, 50. rj 
Dcfloeculated graj)hit(‘, 104. 

Do l.avel zinc furnae(‘, 293. 

Dellwik and riei.seher’s proee.ss, 88. 
Delta metal, 20, 204. ■' 

Dcj)olarisation, 119. 

Depolariscr, Solid, 135. 

De.silverising bismuth, 309. 

„ ■ lead, 278, 280. 

Desul})huri.siiij^’pig iron, 202. p 
Deville's aluminiiup process, ^^50. 
Diehl gold proccsi^342. 

DietzcT's silver refining process, 333. 
Dinas bricks, 8. 

i Dissolved oxygen. Corrosive action 
of, 140. 

Distillation of inagnc'sium, 355. 

„ of metals, 173. 

„ of ])eat, 07. 

„ of sodium, 304. 

„ of zinc from (Si*e, 289. 

DoffUch cop])or ])roeess, 250. 
Dolomite, 0, 9. 

Dorsemagen zinc ])roce.s.s, 293. . 
Double-shear steely-. 212. 

“ Doubling," 304. 

, Dowson gas, 88. 
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-i^r^ges for winning gold, 337. 
;,J)re|flir,g ores, 108. 

■y „ tin oroK, 297. * 

. Dry blast, 184. 

^ *^ Dry ” copper, 251. 

•Dry extraction, (Jeneral methods of, 
171. 

„ process for copper, 230. 

„ •puddling, 195. 

Ductility, T(?.^t for, 19. 

..Dudley's standard ])liosphor-br()n/.c, 
265.“' 

JDupltx ]»n)C(‘.ss, 2 JO. 

Durana metal, 204. 

Duat-cafcjhor, 183. 

Dwight and Llc^d’s roasting proecs.s. 
Dynamo, Economy of, 125. 


Electric furnace, Kfcller, 225* 231. 

„ Kjollin, 234. 

,, „ resistance, 230. 

„ Poc<‘hling-Roden- 
hftii-ser, 234. 

,, Slas.saiio, 228. 

Swedish. 225. 

» .. osmosis, 125. 

., production of .‘<te(*l, 23u. 

„ rt'.sistanee ])yn>meter, 112. 

„ smelting of in»n ores, 224. 

Electrolytic Clipper, Analysis of. 261. 

,, proci'sscs, 257. V 
„ iron, 214. 

parting. 313. 

„ purilication yf it'Mn, 215. 

reduction of ^ll^'^ninium, 
3.50. 

„ „ of magnesium, 

355. 


E 

Earthy hrown coal, 65. 

Economy, Energetic, 129. 

„ Monetary, 129. 

Edison's cell, 125. 

Efficiency of blast furnace, 188. 

„ of gas engine, 78. 

„ of secondary cells, 123. 

Efflbrcscenco on artificial stone, 38. 

- „ f on brick, 38. 

on concrete, 38. 

Elastic limit, 20. 

Electrical brazing, 42. 

. „ conductivity of aluminium, 

x.. 354. 

„ ’ conaactivity of copper, 

263. 

„ heating, 102. 

,, iroduetion ''of aluminium 
alloys. 351. 

,, transmission of energy, 
129, 130. 
welding, 41. 

Electric calamine, 286. 

„ furnace, 102. 

„ ,, arc, 230. 

,, Energy required for 
** 228," 237. 

, „ Eriek, 236. 

• „ (lilTre. 232. 

„ (Jin, 233. 

„ (drod, 231. 


Heroult, 23.0. 
h, 23T5. 


Vi ,. #iortli, ...... 

,, .induction, 234. 


„ relining «)f cojipcr, 260. 

„ tlieorv of rusting, 14^. 

„ winning and refining of 

lead, 282. 

„ winning •f antimony, 

306. 

„ „ of metals, 173. 

,, „ of zinc, 291. 

Electrometallurgy of iron and s«>cl, 
224. 

! Eloctro-peat-coal, 67. 

Electroplating, 334. 

I Electro-silico-spi(‘g<‘l, 359. 

: EI<*elrostatie concentration of ores, 

. J69. 

Elrnorc copper procc.ss, 24, 261. 
Emery, 348. 

' Enamelled iron, 51. 

: Energy, Electrical, 117. 

„ Kinetic, 12t). 

„ Sources of, 58. 

Sun’.s, 128. 

„ Tran.Hmis.sion of, 12f;f 
„ ^Vin<l, 128. 

Englisli cupellatiou furnace, 327. 
i „ standard bra.-^s, 264. 

Ether, latent lieat of evaporatir^p, 
104. 

Euro|)ean nickid ores, I*roces.s for, 
314. . . 

Exlraetio?ivJn)rv, general methods, 
. i71. 

„ • of bismuth, \\ ct, 308. 

of copper. Wet, 255. 

„ of •iron, Pi^m.iples of; 
• 178. 
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Extraction of Bilver by copper 
matte, 327. 
r* „ by lead, 325. 

1 . bv mercury, 

328. 

„ Wot, 171. 


' F 

J*'AHLEir/, 31!). 

Fahloro, 23!), 324. 

Fahn(‘hj(‘l!n !).“>. 

“ Fatigue ’’ ot uu'tals, 3!). 

Fatty acids iii oils, 157. 

„ lubricating oils, 1. JO. 

Fauro coll, 123. 
j Fel.sy)ar, 2, 3, 4. 

Ferl)crit(\ 3(11. 

Fergusonito, 303. 

Ferrite, 218, 220, 

Fcrio-alloy.s, J!)|, 237. 
Fcrro-alurniniuiri, I !) 1 . 
FeiT()-c}irf)mium, 101, 300. 
Ferro-conoretov 1 1 . 

Ferro-manganeso, 101, 358. 
Ferro-molybdonuin, 301 . 
Ferro-silicon, 100. 
reiro-titaniuTn, 101. 

Ferro-tung.s1on, 302. 

Fcrro-vanadiuin, 238, 303. 

Ferrous carbonate, 177. 

Ferruginous vvat(?r, Softening of, 147. 
Fory ()yrornctcr, 115. 

Fettling, 105. 

Fine metal, J'u.sion for, 245. 

„ solder, 43, 284. 

Firebrick, 7. 

Fireclay, ArialyscR of, 8. 

Firing ])oint of oils, 158. 

Fireproof wood, 50. 

Flagstone, Yorkshire, 2. 

Flashiifg point of oils, 158. 

Flintshire ])roces3 for lead, 268. 

Flohr steel |)roe(*.ss, 205. 

Flotation ])roce.s.ses, 170. 

Flowing furnace for lead, 271. 
Fluorescence of mineral oils, 162. 
Flux, 172. 

,, Antimony, 304. 

FIukcs for soldering, 4lf. . 

Foil, Tin, 301. 

Porehcarth for separating 246. 
Forms of carbon in iron, 217. 

Francke shver [)roccs.s, 330. 
Franklinite, 177, 286. ^ 


“ Free " carbonic acid, 132. 

“ Free milling " ores, 335. o 
Freestone, 2.^ ® . 

j Freezing test, 37. 

Freiberg proce.ss for lead, 277. 

French volatilisation process for ■ 
antimony, 305. 

Freudenborg f)latos, 270. 

Frick furnace, 236. 

I Fruc vanner, 2!)S, 338. 

I Fu(*l, Definition of, 58. 
i ,, (Gaseous, 75. 

,, Liquid, 70. 
j “ Patent,” OS. 

,, Solid, 00. 

I „ Waste of, 138.^, 

I ., Wood as, 00. 

■ Furix*, Aniimony. 3o4. 

., liltrai ion, 2!) I . 

frum ik‘ssem(!r (!onvcrtcr, 

Load, 270. 
i ,, Zinc, 287. 

; Furna< 0 , Blast, 180\ 

I .. Calamine, 188. 

j ,, for lead, 268, et seq. 

,, Reverberatory, for copper, 
j ^ 240, 243. 

I Furmic's, Electric, sec Electric Fur- 
naces. 

j .. Koasting, 24v)-242. 
j Fu.sibii' melals, 30!). ,> 

j 

i cf 


Galkxa, 2«Uj. 

„ Antimony in, 266. 

,, Cold in, 200. 

„ .Silver in, 266. 

„ smelling methods, ?f)3. 
„ Specific gravity of, 267. 
Calvanic action causing rust, 47. 
„ cells, 118. 

„ corrosion, 47, 143. 

„ protection, 47, 54, 144. 

Calvanised iron, 30. 

Cangue, defined, 168. 

Canister, 8. 

Garnicrite, 310. 

Gas batteries, 1 24. 

Dowson, 88. 

** engine, 77, 94. 

Natural, 95. 

Producer, 80, 92 
„ Wafer, 86. 

Gaseous fuels, 75. 
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Gases, Blast-fiiriiaoo, 01, 182. 

• h in water, Solubility of, 140. 
Gasolene for enijino.s, 73. 

Gault bri(rk.‘<, 7. 

“ Gelatin, " l(»0. 

General methods of dry extraction, 
171.’ 

Generator gas, 79. * 

• f, ,, Utilisation of, 94. 
German copper smelting process, 

2.j4. 

„ cupellation furnace, 327. 

• „ silver, 317. 

Germot’s antimony probe.ss, 305. 
(iers#5nho^ kilns, 241. 

^libb's copp« prooc.ss, 250. 

Gichtschwamm,” ISS. 

Gitfre electric furnace, 232. 
Gilchrist-Thomas proc ess, 204. 

( Gillespie process, IS4. 

Gift electric fiirnac^!, 233. 

Girod electric ^urnace, 23 1 . 

, Glaner_ Bismuth, 307. 

^ ,, copper, 307. 

' Cobalt, 318. 

, ,, Copper, 239. 

„ Nickel, 311. 

Glass, Jena, Analysis of, 108. 
Glass-lined pipes, 54. 
dfieiss, 4 
Gold, 3J#4. 

aifialgamation, 337. 
it chlorination, 339. 

„ collection in pyrite.s matte, 342. 

„ concentrates, ,330. 

„ “^’Tadle,” 330. 

„ Diehl proee.ss, 342. 

,,, Electrolytic parting of, 343. 

„ extraction by^yanidc, 340. 

„* ,in galena, 200. " 

,, Marriner process, 342. 

„ Melting j)oint of, 112, 344. 

„ ^ Native, 334. 

,, ore concentration, 335. « 

„ ores, “ Free- milling,” 335. 
it „ “ Refractory,'’ 335. 

„ Parting, 342. 

„ plating, 344. 

„ refining, 342. 

„ “ Rubber ” for, 338. 

„ slimes, 337. | 

„ Source.s of, 334. I 

„ Specific gravity of, 344. | 

,, stamp.s, 337. 

stTindard, *ilqmposiuon of, 344« 
5, Javener's process, 341 . 


Gold telluride, 334. 

ores, Treatment foi 
•‘M2. 

„ Uses 344. 

„ Winning of, 335. 
Goldschmidt's procea.s, 172. 

, „ ti!» s(Taj) process, 301 

Grading of ])ig iron, 199. • 

Grain tin, 399. 

(Jranile, 3. 

Syrnitic, 4. 

jfJranit/.a mercury furnace, 321. 

! Graphite, Mil. 

A.xle, 102. 

j ,, iti Ixtibu- water, 159. 

I ,, Rosin, 103. 

!(7nM‘n(‘ and Wald’s feri t-mangan^ 
[U‘oee», 359. 

G Jrrenockite, 290. 
j <ireensloiu‘, 4. 

I they antimony ore. 392. 

■ copper on‘, 239. 

I ., iron, 15. 189. 

I silver. 324. 

: Gro\Itint.^ 1 9. 

! ( Jr(»ve cell, 1 19. 
jGrove’.s tras batttTV, 124. 

I Gun metal, 25, 204. 

I Giintlier-Franckcj cop})er process, 
I 25S. 

' < lyp.^um, 35t». 


; Ha.ao’.s magnesium cell, 355. 

I Haber's eornbustion recorder, 102. 

I Haematite, Brown, 175. 

! „ Rod, 175. 

; H.Tmatite.s, Analy.M\s of, 170. 
j ” Half-bound '' earbc)Tiic acid, 132. 

I Hall’s aluminium proe(‘ss. 361. 

“ Hardening" earixm, 217. • 
Hardening steel, 217. 

Hardtnnte, 229. 

" Hardhead," 3(K). 

Hardnc.-ts of mat (‘rials, 30. 

,, of water, 133. 

! „ Measurement of, 33. 

I ,, Pcrmaiu'nl, 133. 

I „ 'rt'mporary, 133. 

Hard solaej^ing, 43. 

" Hard*" water, 132. 

Hartoy’s process, 214. 

I’^ausmannitf*, S58. 

I Haj^den’s cojiper refining process, 
200 . 
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vwiadium profiesa, 3<i2. 
f^&nderfion's copper j)rooe«s, 25 (). 

aluminium pn)f‘ess, 351. 
’^Wroult steel furnace, 230. 
I'HerreshofT furnace, 242. 

;,H«liS8ler's alloy, 353. 

«|{^h-Bpoed tool steel, 222. 

**^High system of lead dcsilvcrising, 

.\Hiorth steel fiirna(‘e, 23<5. 
;p&oepfner's coppi'i- ja-oeess, 259. 

„ zinc jirocessc's, 292. 
vHopkins’ zinc process, 291. 

'. Hornblende, 4. 

•,'Korn silver, 324. 

Hot blast st'>ve, 182. 

. ,c „ Temperature of, 183. 

.Hot blow, 87. 

> Hubnerit(‘, 301. 

• Hunt and Douglas (•op])er process, 
257.' 


I Influence ot temperature on viscosity, 
155,158. • 

! Ingot iron, 20, 199. 

„ Analysis of, 21. 

„ Tensile' strength of, 21. 
Injector lor oil, 70. 

Injury to boilers, 13H. 

! Internal combustion engines, 72. 

; Invar, 317. “ 

: Iodide of .silver, 324. 

! Iridium, Melting point ;d‘, 112. 

! platinum, 347. 

; Iron, 15, 121, 214. ^ 

I „ Allotropic forms of, 2lt). 

; „ alloys, 191. ^ 

' „ Atomic volume 6t impuritiesv^ 

in, 223. 

„ Beluiviour of. on C')t)ling, 
21.5. 

• “ Iron black," 307. 

Iron carbid(‘, 218. 219. ' 


Huntington-Hcbcrlein lead ])roccv.«, 
274. 

Hydraulic cement, 1 1 . 

„ lime, 12. 

„ mining, 330. 

■ Hydrogen, 96. 

> from semi- water gas, 96, 

124. 

’■ „ in eleet rolylic. iron, 215. 

„ manufacture, 96. 

' Hydrolithe, 358. 


1 I 

j 

■ rl.DRlAN mercury furnace, 319. | 

Dmenite, 177. ■ 

. Immadiiim alloys, 266). j 

■■ Improving lead, 27S. i 

Impurities in bismuth, 308. | 

„ in blister copjxM*, 251 . ; 

' . „ in brass, 264. ' 

„ in crude tin. 309. ! 

. , '«,j in crude zinc, 290. ; 

„ influence on cojijkt, 26)2. ‘ 
, „ „ on iron, 214. 

„ in iron, Atomic '•’olumes 

of, 223. I 

Incrustation from calcareous waters, 

^ 132. ^ 

„ from sea water, 13.5. 

;/ „ Oily, 14f. 

Induction fumace.s, 234. 

Hidustrial temperatures, 114, 116. 


„ Carbon in. 217. ■ 
Case-harilening of, 214. 
cast, Analyse.s of. 16. 

„ Mallciible, 16, 213. 

Chilled. 16, 192. 

Cold-short," 217. 

Critical tenqjeratures of, 215. 
crude, Ibirilieaiion of, 194. 
Electrolytic, 214. 

„ ))urili(;ation;of, 215. 
Electrometallurgy of, 224, 
Enamelled, 51. 

extraction, l*riiici|)les ot, 178. 
for armature.s, 125. 

Eorms of carbon in, 217. 
Foundry pig, 15. 

Fusing point of, 215. 
(ialvanisedcf30. ,, 

Grey cast, 15, 189. w 

„ Analysis of, 16, 189 

„ Sy)ecific gravity of, 

190. 

Influence of impurities on, 214. 
Ingot, 17, 199. 

Lead coating for, 3 !. 

Malleable cast, 16. 
meteoric. Analysis or, 174. 
Mottled cast, 15, 189. 

Native, 174. 
iidckel alloy, 28. 317. 
ore, Concent rat ioti of, 179. '' 

Preparation of, for smelt:* 
' ing, 179. 

„ roaatingi 180 . 

„ ore.s, 174. 
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[^r%ore.s, Klectrio smelting of, 224. 
„ Paints for, TiS. • 

„ Pig, ]S9, 

„ ck‘fiul})hiirising, 202. 

„ Preservation of, ")! . 

„ Properties of pure, 21.’). 

„ pudflliMi. Stnirtiire of, 109. 

^ l^rites, 17H. 

„ „ iiiekeliferous, 31 1. 

,, “ llcd-.short," 217. 

„ reduction, 180. 

4 % Rusting of, 45. 

„ Specific gravity of, 215. 

„ ^b-carbidc, 219. 

„ Tinned, 32. 

•„ White, 189. 

„ “ whitening,” 194. 

„ ♦Wrought, 17. 

9 ,, ,, Analysi.s of, IS, 19.'^. 

zinc alloys, 290. 

„ zincof'j 30. 

Irons, (^assificalion of, J93. 


J 

vJaMbsonite, 302. 

Jetia glass, Composition of, 108. 
Jiggers, ^68. 

Joule.Th»mson effect, 09. 


Kjellin electric furnace, 234. 
Korting injector, JO. 

Krdnkc silver ])roce.ss, 330. 

Krupp's armour-plate process, 214. 
Kupfer-nickel, 311. 

Kyanising, 55. 


! ^ 

; Ij.kui) oil, Visco.sil V of, I5.“>. 

; Lash steel process. 2 In. 

; l^tcrit(‘, 175. 
j J^^ad alloys, 2S4. 

I „ Analysis ol I'n ihei g crude, 277f 
,, as a solvt'uV. K.\fraetion of 
j silver by, 325. 

„ Retts‘ proees.s, 2S3. 

,, JlJast furimee for. 275. 

„ burning, 40. 
j „ earbonato, 207. 

,, Carmichael and Hnulford pro* 
j (•(‘.'^s, 274. 

I „ “ Chemical,” 21^2. 

; ,, Chief .sources of, 200. 

I ,, chromnl(‘, 207. 

coating for iron, 31. 

; „ Commercial, Analysis of, ^84. 

,, Corrosion of, l!l. 

,, Cupellation of, for silver, 320. 

i)e.silvorising, 278. 

,, „ Pa rkc.s’ process of, 

289. 


K 

Kainite, 355. 

Kassnor’s oxygen proces.s, 98. 

Keith copper pro(;ess, 259. 

„ • lead proc(.“^s, 2^3 . 

Kellci*electric furnace, 225, 231. 
Kelp-salt, 304. 

Kentish rag, 5. 

Kerme.y mineral, 303. 

Kernel-roasting ” for copper, iftl . 
Kern's electrolytic load process, 282. 
Kerosene for engines, 73. 

Kidney ore, 175. 

Kiesertc, 355. 

Killed ” spirits of salt, 44. 

“ Killing*^' crucible steel, 212. 

KJbti, Gorstenhofer. 241. 

- . ,, Step grate, Oti. 

;Kinetic energy, Natural form O', 
■•w. . " • J 

Kisa.pfbco^ for a-'ver, 331, 


„ Patliri.son's pro- 

cess • )f, 278. 

,, Klectrolytie reilniiig of, 282. 

„ riintshiro pna'e.ss for, 2ti8. 

„ Freiberg proce.s.'-- for, 277. 

„ fume, 270. 

„ Huntingt«)n-Hel)erlein jiroocss, 
274. 

,, Improving, 278. * 

„ „ by Pal tin son process, 

27S. 

,, Keith’s |>ro< css, 283. 

,, Kern’s ])roc('s.s 282. 

„ Litpiation of, 278. 

,, Melting j)oint of. 112, 2S4, 

,, ortsi ku’ smelling, Prejiaration 
c . of, 2«)7. ■ • ' 

„ „ Roa.sting of, 274. 

„ ^ of, 200. • 

„ Precipitation proec^'^s for, 273. 

,, Reduction of, l>y carbon, 273. 

It It *» 273. 

„ Scotch hearth for, 271. 
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ead slag, 273. 

„ Softening, 27 L 
„ Solubility of, in zinc, 280. 

„ „ „ zinc in, 280. 

„ Specific gravity, 284. 

„ sulphate, 2(37. 

„ sulphide, 2(i(). ^ 

„ Tommasi’s jirocc.ss, 283. 

Csos of, 284. 

„ vanadate, 3(32. 
ieclaiiche coll, J20. 

^eucite, KiO. 

jevigation, 1()8. ^ 

Jehens on .stone, 31). ^ 

liight, Fahn(‘hjt4m, 1)5. 

„ red yilver ore, 324. - 

‘s »» Weli^baeli, 1)4. ' 

Ligne(ju.s brown coal, 05. - 

Lignite, 05. 

Lime,<^Hydraulic, 12. 

„ Treatment of einnibar by, 322. 
Lime.stone, 5. I 

„ (Carboniferous, 5. 

,, J..ias; 5. 

„ Oolitic, 0. 

Limonite, 175. 

Lindc-Luft, 100. 

Lind prooe.ss, 1)1). 

Lining, JJasie, 2o(). 

„ " ,, of eonvert.er, 204. 

Idpowilz nu'tal, 310. 

Liquation of antimony sulphide, 3(t3. 

,, of bismuth, 307. 

,, of lead, 278. 

„ of tin, 300. 

,, Refining by, 173. 

Liquid air, 1)1). 

„ ammonia, 104. I 

„ earbon dioxide, 104 | 

„ fuel, 70. 

„ sulphur dioxide, 104. 
lithargfr, Black, 308. 

Local corroskm of boiler jdaies, 143. 
Looking glasses, “ Silvering," 323, 
334. 

La‘ mia-rettibonc ])rocc3S, 81). 

Jjow svstem for desilverising lead, 
271). 

„ temperature heat„ Utilisation 
'■ of, 83. 

Lubricants, 154. 

„ '-Blown oils in, . 

„ (Jorrosion induced by, 

^ 104. 

„ Solid, 1(32. 

„ petroleum, 163. 


Lubricants, Tallow, 162. 

Lubricating oils^ Fatty, 155. 

„ „ Flashing point of, 

158. 

„ Mineral, 157. 

„ „ Mixed, 159. 

tLucc-kozan desilverising process, 
280. 


McAd.x.mitk, 353. 

McArthur- Forrest cyanide pr'^cess, 
340. .* 

Machinery' oil, Viscosity of, 157. 
Magi.stral, 321). 

Magnalium, 353. 

MagiKJsite, .Aualy.sis of, 1). 

Magn(‘sium, Boiling point of, 3.)5.„ 

I e.'u IxmaOs Solubility of, 

I 145. 

„ Chemical reduction of, 
355. 

„ chloride in water, 136. 

,, chloride solution. Speci- 

fic heat of, lOO. 
(Jon\pr(^ssive strength of, 
35t). ® 

,, J)istillati(m of, ?\55. 

,, Fleet roly tic reduction 

(O', 355. 

„ hydro xid(5 in boiler de- 

posit, 13(5. 

„ lime, St one, (3. 

„ Moiling point of, 356. 

„ Sources of, 354. 

,, Specific gravity of, 356. 

1 „ TeAsile strength of/ 356. 

i ,, Uses of, 35(3. 

: „ Winning of, 355. 

„ Working temperature 

for, 356. 

Magnetic iron oxide in boilers, 137. 

,, .separators, 1(51), 179, 298. 
Magnetite, 17(3. 

Magnolia metal, 285. 

Malachite, 238. 

„ Blue, 239. 

Malleable ca.st iron, 16, 213^’ 

Malilih, (3. 

Manganese brcjiize. Composition oi, 
^ 2(30. 

„ carbide 359. ^ 

„ -copper, 359. 

„ Melting point ^of, &69 ^ ^ 
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. Ma^gane.sc, Oros of, 3r>vS. 

M Proijcrtrfw of, 331). 

„ sttMil, 22, 221. 

„ AViuriing of, 358. 

Manganin, 317. 

Manganitc, 358. 

Manlius copper process, 250. 

, ijjans^eld copper process, 254. * 

„ proces.s foi- silver, 254. 

** Manufactured " peat, 07. 

Marble, 4. 

Marine boiler incrustation, 130, 137. 
“ market pot,'* 279. 

Marijiner gold process, 342. 
Martensite, 219, 220. 

^assenez prflbca.s, 202. 

steel process, 205. 
Materials, Hoofing, 29. 

• „ ^ Strength of, 33. 

Matthey’s platinum proce.ss, 340. 

„ * refining proces.s lor bis- 

muth, 309. 

Measuferoent of temperature, 107. 
Mechanical puddling, 197. 

Mechanism of oxidation of carbon, 80. 
Melting point of aluminium, 352. 

of antimony, 300. 
of bismuth, k)9. 

(O' boric anhydride, 

of cadmium, 290. 
of carbon, 112. 
of cobalt, 318. 
of copper, 1 1 2. 
of gold, 112, 344, 
of iridium, 112, | 

of lead, 112, 284, | 

• of magnesium, 350. 
of mak%an(^se, 359. 
of nickel, 310. 
of palladium, 112. 
of platinum, J 12, 346. 
of potassium, 307. 

„ bromide, W2. 

„ chloride, 112. 

,, iodide, 112. 

„ sulphate, 1 12. 
of pure iron, 215. 
of silver, 112, 333. 
of sodium, 300. 

,, chloride, #12. 

„ sulphate, 112.- 
of solder, 284. 
of tantalum,%03. 
ofPft, 301. 
ofj no, 112, 295. 


Melting points, b’cule of, 112. 
Merchant bar. 17. 197. 

Mcreurial S(K)1, 322. 

Mercuric .sulphide, 318. 

Mercury as a solvent, K.vtrnction « 
silver by. 328. 

„ Ih»iling j)()in(. of, 11^, 323. 

,, Californian proce.ss,*S2U. 

C(Mi<len.sition of, 320. ,3^. 
„ furnace. Cranil/.a. 321. ■ 

( M idriitii, 319. 

„ Native, 3 is. 

„ Ihirilicalion of, 323. 

„ C>uiek(‘ning, 3.3!». 

M •'^oJidifying point of, 323. 

Scojrees of, 3IS.« 

,, Sp(‘eili(; gra\ ily of, 323. 

M sulphide. ,31'''. 

„ C.ses of, 323. 

,, NViiming of, 318. 

Metn-einnal)ar, 3 1 S. 

Metal, iiahhitl’.s, 27. 

.. Blue, 245. 

Jhdl, 20. • 

colouring, 4S. 

„ JJelta, 20, 2()l 

„ Fusilde, .3t;9. 

,, Cun, 25, 20>1. 

M “ Pimple," 215. 

Hed, 24. 

M slag, 245. 

„ Structural, 15. 

“ White," 245. 

.M Wood's, 3l0. 

, Yellow, 24. 

I Metals, Corrosion of, 15. 

„ diflicult of rcdiicticm, ,347. 

•» M M Oxidation of, 

.348. 

„ -Di.stillat ion of, 173. 

„ Kxtruetion (»1, 171. 

M Fatigue " of, 39. • 

„ Wiiile, 20. 

Meteoric iron, Analysi.s of, 174. 
Mexican proee.ss for silver, 329. 

Mica, 3. ^ 

Micaceous iron .)re, 175. 

Micrograi)hje e<,nstii ueiits of steeL 
220 . . ^ 
Mild stocL^O, 199. • 

Miller's dilprine proce.ss for refining 
goJd,tt42. , 

Milifllone grit, Analysis of, 2, 3. 
Mineral luhrioaf ing oiLs, 1 57. 

MinB water. Analysts of, 138. 

• Corrosive clfect of. 138. 
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.' Mixed lubricating oils, 159. I 

^ ores, 167. ^ I 

; ,, sulphide ores, Treatment of, ' 

>; 291. 

*■ Mixers,” in steel manufacture, 208. i 
Moebius proce.ss for anode sludge, : 

202. I 

L d for refining silver, 

. 3.32. 

; Moissan’s manganese proce.ss, 358. 

■ Moffet hearth proee.s3 for lead, 272. 

' Molybd»mit.e, 300. 
i Molybdenum, 300. 

„ steel, 222. 

Monarch ” magiietio separator, • 
* 180. 


l^^ond gn.y, SO. 

nickel proce.ss, 312. 
„ zinc proce.^is, 293. 
Mond’s gas buttery, 124. 
Monel metal, 28, 317. 
Mortar, 12. 


„ Cement, 10. 
Mottled iron, 15r; 189. 
** Moss ” copper, 245. 
Muntz metal, 24, 204. 
Musset steel, 212, 222. 


N 

' .i^ATiVE antimony, 302. 

,, hisinuth, 307. 

„ copper, 238. 

gold, 334. 

,, iron, 17'4. 

,, platinum, Analysis of, 345. 

,, mercury, 318. 

,, silver, ,324. 

■ JNatural gas, 05. 

Kaval bra.'is, 204, 
vNeatsfot-H. oil, Viscosity of, 155. 

/ Keutral bricks, 8. 

1 New Caledonian nickel ore, Treat- 
ment of, 313. 

;, NiQ^el, 27. 310. 

„ alloys, 310. 

„ Analysts of electrolytic, 310. 

„ Antimonial, 311. 

„ ‘ blende, 311. 

„ carbonyl, 312. 

„ ea.st, Analyses of, 315/ 

„ coiiiace, 317. 

„ CorriSsion of, 49. 

„ Electrolytic refining of, 3i5, 

„ . “ fonte,” Analysis of, 313. 


Nickel glance, 311. 

„ iron alleys, 317. 

„ Kupfer-, 311. 

„ matte, Bessemerising of, 312. 

„ „ Mond i)rocess, 312. 

„ „ Orford process, 312. 

„ Melting point of, 310. 

„ bre.s, arsenical, Treatment 

of, 314. ' 

„ „ Euroi)oan, Treatment 

of, 314. 

„ „ Sudhurv, Analyses pf, 

311. 

,, „ „ Treat (nent 

of, 341. 

,, oxide, Kediictidii of, 315. r.> 

„ plating. 54, 

,, Sources of, 310. 

,, S[K‘eific gravity of, 310. 

,, s])eis.s, 314. 

,, ,, ,S(^paration pf cobalt 

from, 314. 

„ .steed, 28, 221. 

„ „ Effect of cooling on, 

221 . 

,, “ thermite,” 354. 

,, L'.scs of, 3l(). 

,, Winning of, 311. 

Nickeliferous iron pyrites, 311. v 
Nickelin, 317. 

Nitrogen, Boiling point of, 1<00. 

,, in ct)al, r)3. 


0 

OcHRB, Antimony, 303. 

„ Bismuth, 307. 

Oil-air gas, 75. ii 
Oil engines, 73. 

„ in boiler water, 141, 150. 

„ machinery, Viscosity of, 157. 

“ Oil pulp,” 100. 

Oil, tfpindlc, Viscosity of, 157. 

Oil thickeners,” 10(). 

“ Oils, Blown,” in lubricants, 100. 

,, “ Close te.st,” 158. 

,, cohe.sion, 101. 

,, “ Cold te.st ” for, 156. 

,, cylinder. Viscosity of^i 167. 

,, ■ Fatty lubricating, 166. 

„ „ acid in, 157, 104. ' ° 

„ Firing point of, 158. 

„ Fluoresccnce_ot> 102. 

„ for different classes 'jf bor- 
ings, 156. - 



INDEX. 


0^8, lubricating, Flasliiiig point of, 
% lo8. ' 

»* Mixed, loO. 

,» Mineral lubricating, loT. 

n “ OfKin tost " for, jr>8. 

„ liancidity of, 15o. 

„ Sulphuric acid in, ir>7. 

M Turbine, IGl. ^ 

,f Viscosity of, 155, 157, 158. 
)ligoclasc, 3. 

)Uvo oil, 155. 

)olitic limestone, (5. 
uiwn hearth process, 205. 

,, Basic, 2 (m;. 

‘ Upen test " for oils, 158. 
optical pyi^meter, 114. 

‘ Ur bleu,” 344. 

‘ Or gris,” 344. 

■)rde system for licjuid fuel, 70. 

)re, Black band, 178. 

Bog iron, 175. 

,, Calcination of copper, 24(>. 

„ Concentration, Cold, 335. 

„ dressing, 168. 

„ furnace slag, 243. 

„ Grey copper, 239. ; 

,, Preparation for smelting iron, i 

179. . 

„ “ Purple,” 256. j 

„ Rod copper, 238. I 

„ 5 zinc, 286, | 

„ Specular iron, 175. 1 


Oro.s, Z 

Orford furnace, 246. 

„ nickel prtTtess, 3^2, 316. 
Orsat gas apparatus, 101. 

Ort hoela.se, 3, 4. 

O.smiridium, 345. 

for p<‘n.s, 345. 

■( Esmond js allot ro|.)ie theorv^of ir 

2ni. 

Osinosi.s, Kleelrie, 125. 

“ G.sram ” lilanienl.s, 362. 

Oven, ('()k<*, 64. 

, Overh(‘;iting steel. 223. 

Oxidation metals dilhcult of 
tinetion, 34.S. . 
of zinc. Heat of, 1 18. 
Oxide of zinc, 286. * 

Oxland and Hocking calciner, 298! 
0.\'y*acetylcn(‘ bloupipt^, 41. 
O.xychloride j>f copper, 239. 
Oxygen, Boiling poiip. of, I0().* 

,, (li.ssolv(‘d, Corro.sivo acti 

of, Ud. 

„ in copper, ^3, 262. 

„ manufacture, 97. 

„ j•l•o(•(^s.s, Brin's, 97. 

Kassner's, 98. 

O.xyhydrogen blowpipe, 41. 


Tcs, Calcination of, 171. 
ff Classification of, 167. 

„ Concentration of, 168. 

„ Copper, 238. 

„ Iron, 174. 

„ lead> Preparation of, for sinolt- 
^ ing, 267. 

„ % Mixed, 167. 

„ nickel, Sudbury, Analysis of, 
311. 

„ of aluminium, 348, 

„ of lead, 266. 'i 

„ of manganese, 368. 

,, Reduction of, 172. 

, Refining of, 172. 

, Roasting, 171. 

» ,, zinc, 287. ' 

, Sj^lf-reduction of, 172. 

, Silver, 324. q 

, Sudbury treatment of nickol, I 
311. 

, Tia, 297. 0 

, L’josilf’jg,, 297. vi 

r- Roast !rtg, 298. 


Paint.s for iron, 53. 

Palia<iium, Melting point of, 112. 
Paraffin a.s fuel, 74. 

Parkes ])roeesH for desi)v(‘ri.sing, 28t 
“ Parting ” gold, 342. 
i »» of gold, Electrolytjii 
34, -1. 

Partinium, 353. 

I Pa.s.s<)w cement, 1 2. 

, ” i’at(‘m ” fuel, 68. 

I Patera’s process for silv(*r, 331. 
j Patina of bronze, 48. 
i Patronite, 3(>2. 


i 


Pattiji.‘4ori 8 desilv 
278. 


erising load process 


Paving materials, 2. 
Peacoc^ cojifjcr, 239. 
Pcarlite, 2 y9, 220 . 

Peat, Cafo^ilie value* of, 06. 
„ ^^oko, <57. 

, * ConnH)sition of, 66. 


„ Proeluco# gas fron?, 68. 
Pc^y waters, 134. 

Pens, 0.smiri(liun) for, 345. 
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■' Permanency of structural materi.ils 
37. 

^“Permanent hardne.s.s " of water, 
'^,133. 

. roroxide of sodium, 3<)(). 

Petrol, 73. 

Petroleujrn products as 7l-7r>. 

„ ■ Solidified, 72. 

“ Soluble," Ifil. 

Pester, 284. 

Pewt(;ror’.s .soldtT, 43. 

' PhcBni.v |)ro(‘(‘s.s for zinc, 232. 
Phoegeuitr?, 2(17. 

Phospliide, of iion in st<‘e!, 221. 

‘ jLiioaphor bron/.e, 2r», 2 «m. 

Phosphoric .nii;, 131. 

“•jfhvsic ” in puddling, lO.l. 

Pig, nasic. Analysis of, 20"). 

,, Pcs.somor, 20I . 

,, b9iliTig, 13."). 

„ iron, 183. 

,, „ Hlectric |)roduction of, 22o. 

„ „ Koundry, 15, 130. i 

n „ Mradin,^ of, 190. I 

„ Pho.sphoric, 131. \ 

Pilz furnace, 275. i 

Pimplo " inotal, 245. j 

^ Pipes, S]Haas- lined, 54. I 

Pipe stoves, 183. ! 

. Piriani’.s t^infcalum |)roee.ss, 3<i3. j 

' Pitting of boiler plat e.s, 143. 

Plant6 cell, 123. i 

Plating gold, 344. 

Platinite, 317. 

Platinoid, 317. ' 

■ Platinum arsenide, 345. ! 

M black, 347. ! 

,, (jataly.sis, 347. ! 

,, iridium, 347. I 

„ Melting ]K)iiit of, 1 12, 340. * 

,, Analy.si.s of, 345. j 

„ Purification of, 34(). 

„ rhodium, 340. ] 

„ Specific gravity of, 340. 1 

, M U.se.s of, .340. " J 

ai Winning of, 345. J 

. Plumber’s solder, 43, 284. 1 

. “ Pointed boxe.s," 338. 

\Polarisation, 117. 

' Poliarfite, 358. 

\ “ Poling ” copper, 251. , ! 1 

Polybasite, 3u24. 

y ■ Porosity of stone, 37. ' 

■' Portor-Clark proce.ss, r‘»7. 

^. l^ortland cement, 12. ’ . F 

" . „ stone, 0. p 


i, ■ Pota.ssiu:n, foiling point ot, 307. 

,, brom.de, Melting pdinF 

» , of, 112. 

i ,, cliloride. Melting point 

j of, 112. 

j „ compound with carbon 

■ monoxide, 307. 

I iodide, Molting point of. 

112 . • * 
M Melting point of, 307. 

Preparation of, .307. 

,, .sodium alloy for tliermp- 

m(‘ter.s, 307. 

; „ Specific gravity of, 307. • 

Hulj»}iat(‘, MeUing point 
! of, 112. 

E\)wer, 'ridal, 127. 

; Precipitation of golcl, 341. 

M proce.<.s for lead, 20S^x 

i 273. ^ 

. Preparation of bra.ss, 204. , 

; M of iron ore for .sin(dting, 

I 170. 

j .. of lead ores lor smelting. 

I 207. 

j Prc.servat ion of iron, 51, 
i M of stoiK', 50. 


' of slruetural material.s, 

; 50 ,, 

j .. of t imber, 55. 

, Pr<*.s.suro gas ])i'odueers, 32. 

' Pr(‘vention of coi ro-sion of boilers, 
144. 

JViiuary cell, 122. 

I “ iVimiiig " in boilers, 151. 
j Principle.s of dry proce.s.s for copper, 

i 

j ,« of iron extraction, 178. 

• Producer gas, 80 
j „ Anal 3 ,\si.s of, 82. 

I M Calorific value of, 82 

„ from peat, ()8. 

Projectile steel, 222. 

Protection of boiler plates, J44. 
Proximate analysis of (;oal, 02. 
Psiloinclane, 358. 

Puddled bar, 17. 

„ „ Analysis of, 198. 

iron. Structure of, 199. 

„ steel, J93. 

! Puddl: ig. Chemistry of, 198. 

„ Dry, 195. 

„ furnace, 195, 197. 

„ KechanicaL 197. 

Fiirbcck stone, 6. v 

Purification. Electrolvt'e. of irrttv.9ifl 
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purification of crude iron, 194. 

„ of mcrcut^, 323. 

PHirple ore, 259. 
i)pa*zuolAna cement, 12. 
ip^rgyrite, 302. 

P5n:ite8, Cobalt, 318. 

' 9 * Copper, 239. 

„ cupriferous. Extraction of 
^ • copper from, 255. 

„ Ifon, 178. 

*, „ Nickclifcrous, 311. 

matte, Collection of gold in, 
^ 342. 

99 -Spent, Extraction of copper 
• froin.255. 

Tin, 2W. 

i^l^j^tic smelting, 247. 

Pyrolusite, 368. 

Pwometer, Callender and GriflSths, 

• 112 . 

Calorimetric, 115. 

„ * Electrical resistance, 

* 112 . 

„ Fcry absorption, 115 

„ „ radiation, 115. 

‘ „ Optical, 114. 

„ Thermo-electric, 113. 

„ Wa.mer’s, 115. 

Wedgwood’s, 100. 

„ Wiborgh’s, 1 10. 

^romete^, (*a.s, 109. 

, Pyromorphite, 207. 


Q 

Quart AT iON, 343. 

“ Quickening.” mercury, 339. 


Bain water, 134. 

: Bancidity of oils, 166. 

' Bape oil. Viscosity of, 165. 
^Bathenaii and Suter's sodium pro- 
• oesa, 360. 

Boaotions in blast furnace, 187. 
Betoalesoence, 2ir». 

Becovery 4 »f tin from scrap, 300. 

" Bed antimony, .‘K)3. 
copper ore, 238. 
hflematitc, 175. 
metal^24. 

»» * iron,, 

wnooie, 2^ 


Reduction, Chemical, of alumimum» 
349. 

„ Chemicalf of magnesium, 

3.65. 

„ Electrolytic, of alumin- 

ium, 350. 

„ „ (d magne.sium, 

„ of antimonv, by iron, 

303. 

,, of iron, ISO. 

,, of lead by carbon, 208. 

„ „ iron, 20S. 

„ of nickel oxide, 315. 

,, of o!(‘s, 172. 

„ of tinstone, 2!hl. 

„ of /ine, ThermaT data for, 

280. 

Rclincry copper slag, 251 
„ hearth, 194. 

,, slag, 251. 

Beiining antimony, 304. 

„ Basie, for copper, 252. 

„ bismuth. 308.^ 

,, copper, 251. 

„ crude tin, 300. 

,, eh'ctrolytie of copper, Cur- 

rent ilensit V for, 2li0. • 

„ ( Jold, 342. 

„ „ Miller’s clilorine, Pro- 

cess for, 339. 

„ of copper, elect roly tically, 

2 (» 0 . 

„ of lead, electrolytieally, 282. 

„ of ore.s, 172. 

„ of silver, 332, 

„ process for bismuth. 

Matt hey 's, 309. 

„ 7.ine, 290. 

Refractory brick.s, 9. 

„ gold ores, 335. 
Refrigeration, 103. 

Regenerative heating, H3. 

Regulus, 172. 

„ “Clo.se,” 253. 

„ of antimony, 303. 

Re-hcating fiirnaee, 197, 

Reinforced concrete, 11. 

Re.si.stancc alloys, 113, 317. 

„ * fi#naces, 230. 

Retort.s, ziflc* Belgian, 288. 

M ^< 1 ’, •Silesian, 289. 
Revei4)oR.tory roasting tUrnace for 
, c opper, 240, 2^1. • 

j44heniiih zinc furnace, 290. 
Rhodium-platinum, 346. 
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Bhodochrosite, 358. 

Rhodonite, 358. 

“ Riffles,” 33C. o 
“ Rich ijot,” 270. 

‘Roaster slags, 247. 

Roasting furnace for copper, Rever* 
boratory, 240, 243. 
f furnace.s, 240, it seq. ‘ 

„ iron ore.M, 180. 

„ ores, 171. 

,, tin ore.s, 208. 

,, ziiif ores, 287. 

Roochling-KodenliHuser furnace, 234. 
Roman eement, 12. 

Rooting materials, 20. 

Ro.s-coelite, 302. 

Rose’s fri'dtal, 310. 

• „ method of retining gold, 343. 
Rosin grea.se, 103. 

Rossi's ferroiitanium process, 101. 

“ IVubber ” gold, 338. 

Ruby silver on?, 324 
Rim-slag, 27 1 . 

Russell proc?c*ss for silver, 332. 

Rust, Analysis of, 40. 

“ Rust joint,” 44. 

Rusting i)y galvanic action, 47. 

• of iron, 45, 142. 


s 


Salixj: waters, 135. 

„ ,, C'orro.sive action of, 

139. 

Salinometcr, 135. 

Saraarskite, 303. 

Sandstone, 1,2. 

Saniter steel jiroce.ss, 208. 

Sarco combustion recorder, 101. 
Saxop,tin furnace, 300. 

Scheelite, 301. 

Schists, Chipriferous, 239, 
Sclerornetcr, Turner’.s, 33. 
Scorification for purifying copper, 
' 251. 

Scotch hearth for lead, 271. 

Sea water, Analysis of, 135. 
Se<jpndary cell, 122. 

„ ,, plates, 12c. 

Seger's cones, 112. ^ 

Segregatidn in steel, 210. 

Selenide of silver, 3^4. 

Self-reduction of antimony, 30,3. , 

of fine metal, 247. 


Self-reduction of lead, 268. 

„ „ of ores, 172. o ^ 

Semi-water gas, 88. 

„ ., Calorific value qf, 

: 89. 

„ ,, Composition of, 89. 

„ ., Hydrogen from, 90, ' 

*124. 

„ .. r.se of, in ga&en^e, 

89. 

Senarmonite, 302. 

Sentinel [iyro meters, 112. 

Sejiaration of cobalt from mckel 
speiss, 315. 

Separators, Mugnetic, 169, 1'^, 298. 

! Serpent ine, 5. ’ « 

i Shear .steel, 212. 
j “ Sherardi.sing,” 31, 

I Shot , 285. 

j Siemens proee.s.s, 200. o 

! ,. jmddling furnace, 197. •’ 

j „ „ theory, 198. o 

i Sicmen.s-Halske antimony pr ocess, 

! 300. 

„ ,, electrolytic copper 

jirocess, 258. 

„ ,, zinc process, 292. 

Siemens-Martin process, 200. 
i Sile.sian lead }»roce!5.9, 271. o 

,, zinc retorts, 289. 

Silicate of mangane.se in st^el, 221. 
Siliceous stones, 1 . 

Silico-.spiegel, 1!)J, 359. 

Silver alloys, 333. 

„ Augustin’s jirocess for, 330. 

„ Balbach rolining process, 

333. 

„ Barrel process for, 328. 

„ Betts’ refining process, 3^3 
„ Boss process, 329. , , 

„ bromide, 324. 

I „ cadmium electroplating, 334. 

„ Cement, 331 . 
chloride, 324. 

: „ ,, Solubility of, in salt 

solution, 331. 

„ Claudet process for, 331. 

„ (hipellation of load for, 326. 

„ cyanide process, 332. 
j „ Dictzel refining proQSSS, 333. 

Dry proces.ses for, 326. 

„ Extraction of, by copper mutte 
as a solvent, 

% 327. 

„ „ ^.,V byle^asa^l- 

, vent, ^6. 
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Silver, Extraction of, by mercury aa a 
^ # solvent, 328 



ceases, o28. 

„ Franokc process, 330. 

„ German, ^17. 

„ wey, 324. 

„ horn, 324. 

# ig galena, 260. 

„ iodide, 324. 

,, Kiss process, 331. 

,, Kronke process, 330. 

Mansfeld process for, 254. 

„ Melting point of, 112, 333. 

„ iCexican process for, 320. 

„ Moebiui^efining process, 332. 
•„ Na'live, 324. 

„ ore, Brittle, 324. 

„ Light red, 324. 
t „ Ruby, 324. 
ores, 324. 

„ Patera's pfocoss for, 331 . 

„ Refining of, 332. 

„ ftusaell process for, 332. 

„ selenide, 324. 

„ solder, 43. 

„ Sources of, 324. 

„ Specific gravity of, 333 
„ “ Spitting " of, 333. 

Sterling, 334. 

„ sulphide, 324. 

„ teilAridc, 324. 

„ Uses of, 333. 

„ Washoe process for, 328. 

„ Winning of, 324. 

“Silvering” looking glasses, 323, 
334. 

Simmance-Abady combustion re- 
^^rder, 101. 

SuBWi manganese process, 350. 

“ SingHs,” 303. 

“ Sinter roasting,” 246, 274. 

Slag, blast furnace, ComiK)sition of, 
185. 

„ cement, 12. 

„ Copper refinery: 251. 

„ in wrought iron, 17, 18. 

„ Lead, 273. 

„ Metal, 245. 

Ore furnace, 243. 

„ BA,271. 

^ wool, 186. 

Slags, Boaster, 247. 

Slate, 29. 

Slimes, Gold, 337|^. 

Slftdge ffcm refining, 200. 


Sludge from copper refining, Trent- 
ment of, 26 1 . 

Smaltinc, 318. 

Smelting, Electric, 224. 

galena, Classification of 
inclhods of, 268. * 
„ Furnace for, 268, 

t t ■'ti'if. 

^ Preparation of iron or# for, 

** 170. 

of load ores for^ 
2r»7. 

„ Pyritii*, 247. 

Smoko and economy, lOi). 

„ prev('ntion, U)0. 

Soapstone, 0. 

Sodium aluminium chloritl^. 3.>0. 

,, Boiling |K)int of, 366. 

Castner's processc.>4 for, 364 
365. 

chloride, Klccirolysis of, 361 
Distillation <»f, 36>4. 
hydroxide, Kleclr«)Ki}is of, 
36)5. 

, Melting point^sf, 366. 

, molylxlatc, 361. 

, nitrate. Electrolysis of, 36t). 

, peroxide, 366). 

, potassium alloy for theftno- 
meters, 367. 

, lieduciion of, by carbon, 
364. 

, Specitit‘ gravity of, 366. 

, sulphate, 112. 

,, tungstate, 362. 

Softening lead, 278. 

„ water by barium salts, 149. 

, »» vaustic s<.)da, 148. 

„ hy heating, 145. 

,, „ hy lime, 145. 

hv magnesia, 148. 

|)’v .sodium al\jmin- 
‘ate, 149. • 

bv soflium carbon- 
” ale, 147. 

bv sodium tluoride, 

»♦ ” 

149. 

by sodium phos- 
phate, 149. 

,y 9 ju the boiler, 149. 
Soft soldej,^. 

„ waters, 134. 

Solde^, i84.' 

„ Ck)ars<*, 43. 

I „ Fine, 4:if 284. 

^ „• Melting point of. 284, 
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Solder, Pewtercr's, 43. 

„ Plumber’s, 43, 284. 

„ Tinman’s, 43, 284'. 

Soldering, 42. " 

„ Aluminium, 354. 

,, Autogenous, 40. 

,, Fluxes for, 43. 

„ Hard, 43. 

SolioS" dcpolariser, 120. 

„ lubricants, 102. 

^ „ petroleum lubii(?ants, 103. 
Solidified petroleum, 72. 

5olidif3’ing point of mercury, 323. 
Solubility of gases in water, 140. 

„ of l(‘ad in zinc, 280. 

„ of silver cliloride in salt 
solution, 331. 

„ of zinc in lead, 280. 
'^“Soluble ])etroleum,” 101. 

Solution 1 lu'ory of .steel, 220. 

Sorbite, 220. 

Souirces of energy, 58. 

South Wales proee.<.s for wrought 
iron, 105. 

Spathic iron Q-’e, 177. 

Specific gravity of aluminium, 352. 

M of antimony, 300. 

M of bismuth, 309. 

' ,, of blendi*, 207. 

,, of bras.s, 25. 

,, of cadmium, 290. 

.. of c(‘ment, 13. 

„ of cinnabar, 318. 

M of coal.s, 59. 

,, <>f cobalt, 318. 

of copper, 24. 

.. M p^Tites, 

207. 

of galena, 207. 

„ t»f gold, 344. 

„ of gun -metal, 25. 

of heavy .spar, 207. 
u,, of iron, 215. 

,, of lead, 284. 

M of magnc.‘<ium, 350. 

,, of manganose, 359. 

,, of mercury, 323. 

„ of nickel, 310. 

M of platinum, 340. 

,, of f)otas.siui;i, 307. 

„ of (iiialtfJt,^207. 

,, of silver. 333. 

„ , , of .sodium, 300. 

„ of steel, 21, 22^. 

„ ’ of 4L'CoI, Effect of 

hardening onf, 223.*, 


Specific gravity of tantalum, 363. 

„ of tin, 301. o ^ 

„ V of timstoiie, 301. 

„ of zinc, 295. 

Specific heat of aluminium, 354. 

„ of calcium chloride solu- 

, tion, 100. 

f» of magnesium chloride 

solution, 106,^.^ 
Specular iron ore, 1 75. 

Six^culum metal, 302. 

Speis.s, 172. 

„ cobalt, 318. .) 

„ nickel, 314. 

„ „ Se[)aration of<^:)Cobalt 

from, -^14. 

»S])clter, 43. '> 

,, (cast zinc), 200. 

8]K‘iit ju'rite.s, Extraction or copper 
from, 255. 0 

Sperm oil, Viscosity of, 155. „ 

Sperrylitc, 345. # 

Spi(.*gel-cisen, 190, 3.>8. . 

Spindle oil. Viscosity of, 157'.“ 

S])irits of salt killed,” 44. 

Spray mak(‘r, 70. 

“ Sjjurstein,” 254. 

Stack fiirnaee, 242. 

„ of blast furnace, 181. 

Stages of Ih'ssemcr blow, 202. ’ 

Starn])s for gold, 337. 

Standard brass, 2l)4. / 

„ of vi.-^cosity, 155. 

,, gold, (.‘omposilion of, 344. 

„ sand, 13. 

Stannic oxide, 297. 

“ Starbowls,” .304. 

“ Starring,” 304. 

Stas-sano furnact;, 228. 

Steam in Pat^nson process, U€r''df, ' 
280. 

„ raising. Chemistry of, 131. 

„ separators, 150. 

Steatite bricks (see Soapstone), 9. 
Steel, Air-hardening, 222. 

„ basic, Analyses of, 205. 

„ Besisemer, Analysis of, 201.. 

„ Blister, 212. 

„ castings, Compositiojj of, 21. 

„ Cause of hardness in, 219. 

„ cement, Production ot* 211. 

Chromium, 22, 221. 

„ Commercial grades of, 223. ‘ 
f> M „ Percentage Qj 
carbon in, • 

“ 223. " 



INDEX. 


teel. Constitution of, 219. 

^ Crucible, 212. 

„ Ca8t.2l2. 

„ Crystalline structure of, 223. 

,, Direct production of, 210. 

Double shear, 212. 

„ Electrometallurgy of, 230. 
Hardening, 217. 

H « ei^ect on tensile 

strength, 223. 

" ,, High'Spee<l tool, 222. 

„ infiuenoe of impurities on, 214. 
• Manganese, 22, 221. 

MUd, 20, 199. 

^ #lolybdenum, 222. 

„ Nickel, 48, 221. 

•„ „ Effect of cooling on. 

221 . 

„ Overheating, 223. 

•, Projectile, 222. 

Shear, 212. 

„ Specific gijfivity of, 21, 223. 

„ ^ „ Effrta of harden- 

ing on, 223. 

„ Tempering, 217. 

„ Titanium, 222. 

„ Tungsten, 22, 222. 

„ Tyre, Analysis of, 211, 
Vanaidium, 222. 

Steels, Analysis of, 21, 211, 213. 

Step grate kiln, 05. 
Stephen-Dolzmann law of radiation, 

114. 

Stereotype, 285. 

Sterling silver, 334. 

Stibnite, 302. 

Stock bricks,.41. 

Stone, Bath, 6. 

Effect* of frost on, 37. 

5f* Lichens on, 39.% 

„ Porosity of, 38. 

„ Portlahd, 6. 

„ Preservation of, ^50. 

„ Purbeck, 6. 

Stones, 1. 

; Calcareous, 4. 

* Siliceous, 1. 

Stonesffeld slates, 29. 

Storage c^U, 122. 

Stourbridge bricks, 8. 

Stove, dowper, 182. 

Hot-blast, 182. 

Stoves, Pipe, 183. 

Strata, Water-yielding, 132- 

Steeam titt, 297. eg 

SAengttfof sviruct’irai materials, 33. 

• • 


• ■ ■ 

Structural materials, Cliemical att^k 
of, 44. 

„ ^Permanency of, 

• 37. 

,, l»n‘scrvation of, 

60. 

. „ metals, 15. 

Structure of puddled iron, 199. 

Stupp,” 322. ^ 

Sub-earbide theory of .steel, 219. ; 

.Subsidence of jirecipitates in softenea 
water, 150. 

Suction ga.s producers, 92. 

Sudbury nickel ores, Analysis of, 311. 

,, „ Treatment of, 311. 

Sulphide of antimony, 302. 

„ Li(p«ation of, 

:m. 

„ of iron in steel, 220. 

„ of load, 200. 

„ of manganese in .steel, ^20. 

„ of mercury, 318. 

,, of .silver, 3*24. 

„ of /.inc, 285, 

ores, Mixed,<C01. 

Sulphur di<»xide, Liquid, 104. 

„ „ engines, 86. 

Sulphuretted liydrogen in water, 139. ^ 
Sulphuric acid in oils, 157. 

Sun’s energy, 128. 

Suspended matter in boiler w'ater, 
139, 1.50. 

Swedish electric smelting furnace, 
j 225. 

Syenilie granite, 4. 


Taluot steel process, 209. 

Tallow lubricants, 102. 

Tantalite, 303. 

Tantalum, 303. 

Tap cinder, 1 98. 

Tar, Composition of, 71. 

Tavener's gold smelting process, 
341 * 

Telluride of gold, 334. 

„ of silver, 324. 

Temper sarhqn^ 17. 

Tem pcratjitefjn fl uenco of, on •vis- 
^ cosity, 155, 158. 

,j Measuromint of, 107. 

,, fA hot bla^^t, 183. 

„ n>)rking, for zino, 

295. 
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''’Samperatures, Industrial, 114. 

„ of tempering steel, 
,.218. 

Tempering steel, 217. 

“ Temporary hardness " of water, I 
^ 133. 

Tenorite, 238. 

Tensile strength of brass, 25. < < 

„ of cast iron, 10. 

„ ,, of cement, 13. | 

„ ,, of gun-rnetal, 25. | 

,, ,, of ingot iron, 21. : 

,, of magne.sium, 350. i 

„ ,, of metals, 19. i 

„ ,, of nickel steel, 28. : 

„ ,, of wrought iron, 18. 

“ Test,” 3er.. 
i^Test, Brard's, 38. 

, „ piece, Contraction of area of, 

10 . 

„ Elongation of, 10. 

Testing cement, 12. 

„ machine, 10. 

„ „ for cement, 13. 

Teste for bras^, 25. 

„ of hardness, 33. 

Thenardite, 364. 

Th^mal data for reduction of zinc, 
286. 

Thermite process, 42, 354. 
Thermo-electric pyrometer, 1 13. 
Thermometers, 108. 

„ Potassium - sodium 

alloy for, 367. 
Therraophones, 116. 

Thermopile, 113. 

Thomas-Gilchrist process, 204. 

Throat of blast furnace, 1 82. 

Tidal power, 127. 

Tiles, 29. 

Tilting furnaces, 209. 

Tin*. sr, Decay of, 50. 

Preservation of, 55. 

Tin alloys, 302. 
amalgam, 302. 

„ Black, 299. 

Common, 300. 

,, crude, Impurities in, 300. 

,, Disintegration of, bv cold, 302. 

.. „ foil, 301. . “ « 

„ *'Grain, 300. 

„ Grey, 302. 

„ LiquaP':Dn of, 300. 

„ Melting point oL 301. 

„ ores, 297. 

„ „ Dressing, 297. ^ ' 


Tin ores, Boasting, 298. 

„ „ Timg.sten in, 299. 

„ plate, 32.” 

„ pyrites, 297. 

„ Refining crude, 300. 

„ scrap, Treatment of, 3Gv. 

„ Specific gravity of, 301 . 

„ stone, 297. 

„ ,, Reduction of, 299.7) < 

„ „ Specific gravity of, 301 

„ Uses of, 301. 

„ white cobalt, 318. 

,, Winning of, 297. ^ 

„ Working temperature for, 301. 
Tinman's solder, 43. ^ 

Tinned copper, 48. o 
„ iron, 32. 

Titanic iron ore, J77. 

„ ,, Smelting of, 225. 

Titanium, 191, 207. ^ 

„ compound in blast furnssce, 

177, 188. 

„ steel, 207, 222. , 

“ Titanium thermite,” 354. 

Tommasi lead refining process, 283. 

“ Tops and bottoms ” nickel process, 
312. 

Tossing tub, 338. 

Toughening copper, methods used, 
251. 

„ gold, 343. o , • . 
“ Tough-pitch ” copper, 251. 
Transmission of energy, 129. 

Trap, 4. 

Treatment of mixed sulphide ores, 
201. 

„ of nickel ores at Sudbury, 
311. 

Troostito, 220. 

Tube, “ 285. 

„ furnaces, 242. 

Tungstate of sodium, 362. 

Tungsten, 361. 

^ „ in tin ores, 299. 

„ in steel, 22, 222. 

Turbine oils, 161. 

Turner's sclerometcr, 33. 

Twyers of blast furnace, 182. 

Type metal, 285. « 

Tyre steel. Analysis of, 21 1^^ 

a 

V 

“ Valvol’ene,” 

Vanadic anhydride, ,363. 
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Vanadium ores, 3(i2. 

• ,T steel, 22, 222. 

„ Uses of, 36^. 

„ Winning of, 302. 

Vanner, Frue, 298, 338. 

Vapour compression refiagerating 
machines, 106. 

„ galvanising, 31. 

Electrol 3 rtic Com|>any's cal- 
cium process, 356. 

^ „ Electrolytic Company’s 

magnesium process, 355. 
], Electrolytic Company's 

sodium process, 366. 
Viacofity, Influence of temperature 
,m, 155, 158. 

" i, of oils, 155, 157. 

,, Standard of, 155. 

Volatilisation proc<?ss for antimony, 
I %5. 


Wad, 368. 

Wanner’s pyrometer, 115. 

Washoe process for silver, 328. 

Waste of fuel by boiler incrustation, 
138. 

Water, Bicarbonates in, 132. 

„ Birackish, 1 35. 

• „ Cilcium sulphato in, 132. 

: „ ferruginous, Softening of, 

147. 

„ gas. Analysis of, 87. 

„ „ Calorific value, 88. 

„ „ producer, 87. 

„ “ Hard," 132. 

in axle grease, 162. 
t!* iVlagnesiura chitoride in, 136. 

„ ' •peaty, 134. 

„ ‘V Permanent hardness ” of, 

133. ♦ 

„ power, 126. ^ 

,, Rain, 134. 

Saline, 135. 

„ Sea, 135. 

„ Soft, 134. 

„ satftened. Subsidence of pre- 

^ cipitates in, 160. 

„ softening by barium salts, 

,149. * 

„ „ bylNJaustio wdu, 

148. 

V . H^y b^«g, U5, 

>* „ ^ by lime, 145. 


Water, softening by magnesia, 148\ 
„ by somum aldisi' 

j|iato, 149. 

„ „ by sodium car- 

bonate, 147. 

I „ # by sodium fluor- 

! ide, 149. 

U „ I»y sodium phoa- 

I ])hate, 149.% 

I „ ,, in the l)oiler, 149. 

I „ Susjxmded matter in, 139. • 
j ,, '* Temporarv hardness *’ of, 

! 1 ^ 3 . 

„ yielding .strata, 132. 

Waters, Classilication of, 131. 
Wedgwood’s pyrometer, i(M), 
Wcldmg, 40. 

„ Electrical, 41. 

Wellman charger, 207. 

„ tilting furnace, 209. 
Welsbach light, 94. ^ 

Welsh copper process, Diagram oi, 
252. 

„ process for copper, 210. 

„ „ „ % analyses of 

))roduct8, 
253. 

I “ Wcrk-blci," 277. 

I Wet extraction, 171. • 

j „ „ of l)i.smuth, 308. 

I ,, „ of copper, 255. 

I „ process for extraction of silver, 

I 328. 

! Wetherill magnetic concentrator, 
180. 

Whinstone, 4. 

White iron, 189. 

“ Wliite metal," 245. 

White metals, 2(), 285. 

; „ Tin, cobalt, 318. 

I " Whitening " iron, 194. 

I Whit well stove, 182. 
j Wiborgh’s pyrometer, 1 10. 
j „ thermo phone.s, 116. 

1 Wilfley table, 2t>8. 

Willemitc, 286. 

Wind energy, 128. 

Winning of mtdals — fte.t under separ- 
ate metals. 

Wohlwilhgold rdining process, 343. 
Wolfram,^fer36 1 . 

Wood asTuS, 69. 

„ , Oalormc value of, 4S9. 

„ Charred, 56. ^ 

„ creosote,^)0. 

* „ ® Fireproof, 56. 
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magnesium, 

MS'- '-' .' ■■ ■ 356. 

S^Wifrk-lead," 277. .■'•. ■ 

WorlwMe ” 271. 

V^^TOUght-inon, 17. 

;■■■;, ; „ Analysis of, 18. -. , 

nt, direct production, 
192. 

„ Influence of impurities 
OH, 18, 

„ „ Tensile strength of, 18. 

a „ Yield j)oint of, 20. 

■ Wulfenite, 360. 


iSellow metal, 24. 

Yield point,” 20. 

*> » of wrought iron, 20. 

Yorkshire flagstone, 2. 


2 jx:i^v<> 0 £l's proce.ss 205. 

303. 

, Zinc alloys 296. 

** amalgam," 280. 

. 1 , Amalgamated, 120. 

„ as a source of energy, 120 
: . it Boiling point of, 1 280. 

„ carbonatG 286. 

• . ft ft Basic, 286. 


Zinc, Cast, spelter, 290. 

„ Corrosiim of, 48. 

„ crude, Impurities in, 290. 

„ Depc^sition of, Mond iwoceiiA 

. :V.m ^ 

Distillation. of, from ore, 289. ' " 
,, dust, 290. 

j,, Electrolytic winning of, 291. 

,, fume, 287. 

), „ flitration, 291. 

„ Heat of oxidation of, 118. 

„ iron alloys, 296. 

„ Melting i)oint of, 1 12, 295. ‘ 

„ ore, Bed, 286. 

„ ores, 280. . 

„ M 0)ncentratwX 287. 

„ Eloctrio smelting of, 293! 

„ „ Roasting, 287. 

„ oxide, 286. 

„ re tilling, 290. 

„ retorts, Belgian, 288. 

„ „ iSilesian, 289. 

„ silicate, 286. 

„ Solubility of lead in, 280. 

„ Specific grayily of, 295. 

„ smphide, 286. 

„ Thermal data for reduction of, 
286. 

„ Uses of, 295. 

„ Winning of, 286. 

„ Working temi)erature .\>r, 295. 

I Zinced iron, 30. < 

. Zinceisen, 29<). 

; Zincite, 177. 

! Zisium, 353. 

Ziskon, 303. 
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